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Background 

The present invention relates to a method for . producing 
heterologous glycosylated proteins in bryophyte cells, such as 
in transformed Physcamitrella patens, cells in culture. rn. 
particular, the method relates to • a method for producing 
glycosylated proteins comprising animal glycosylate patterns, 
such as pharmaceutical proteins for use in mammals, including 
humans, in bryophyte cells such as Physcomitrella patens cells, 
the genetic material required therefore, such as DNA and RNA,' 
vectors, host, cells, methods of introduction of genetic material 
there into, and uses thereof- \ 

in the past, heterologous proteins have been produced using a 
variety of transformed, cell systems, such as those derived from 
bacteria, fungi, such as yeastS/ insecfc/ Qr masmal±an ^ 

lines (Kudo T. 1994, in: Y. Murooka . and T. kanaka (Eds ) 
Recombinant microbes for industrial and agricultural 
applications, pp. 291-299, Marcel Dekker, New York, Harashima 
S., Bioproc. Technol. 1994, 19:' 137-158; Archer D.B. 19 94 In - 
Y. Murooka and T. Amanaka (Eds .) Recombinant microbes' for 
industrial and agricultural applications, pp. 373-393, Marcel" 
Dekker, New York; Goosen M.F.A. 1993, in: M.F. A. Goosey a 
Bauguiis :and P. Faulkner (Eds., insect cell culture" engineering, 
PP. 1-15, Marcel Dekker, New York; Hesse F. & Wagner .R, , Trends' 
n Biqtechnol. 2000, 18(4); 173-180). 



'roteins produced in prokaryotic organisms: may not be ' post- 
:ran S lationally modified in a similar manner to that of 
-ukaryotic proteins produced in eukaryotic systems, e.g. they 
my not be glycosylated with appropriate sugars at particular 
£ *ino acid residues, such as aspartic acid (N, residues (N- 
Jinked glycosylate, . Furthermore, folding, of bacterially- 
reduced- eukaryotic proteins may be inappropriate due to, for 
We, the inability of the bacterium to form cysteine 

SCAB'S frT0£9SS T9i. 6f+ i1dT1Ntl±N31bd N3Xa(US T 8S:<LT £202-1X0-^0 



p^ei de r ld9es ' Moreover - «-*"*^»~o- recombinant 

proteins Gently a gg re g ate and accumulate as insoluble 
inclusion bodies. "QJ-uoxe 

Eukaryotic cell systems are better suited for the products of 
glycosylated proteins l0 uud in various euJcaryotic organisms, 
such as humans, since such cell systems may effect post- 
translations! modifications, such as glycosylation of produced 
[proteins. However, a problem encountered in eufcaryotic cell 
systems which have been transformed with heterologous genes 
suitable for the production of protein sequences destined for - 
use for example, as Pharmaceuticals, is that the glycosylation 
pattern on such proteins often acquires a native pattern, that 

.5 »rodu° f T* Ce " Sy " em the protein has been 

produced: g lycosylated proteins are produced that comprise non- 
I animal glycosylation patterns and these i„ tatn MJ be . 
immunogenic and/or allergenic if applied in animals, incl„din g 
humans . y 



Is reCOmblnant P«duced by higher plants 

Irs limrted by the plant-specific H-glyeosylatton that is 
fecguired on such proteins. Compared to mammalian-derived 
fetoprotein,, hi g her plant-specific glycoproteins contain two 

telnaTb r 3 ,^ 3 ' MOra °' eE ' ^ hi9h " PlaDt ^coproteins 
LTTt T , 1 ' 4 - galaCt °" «-*— «• found, indicating ' 

5 taole i»r ''^^^ransferase is not present in plants. .. 

IZlTZ eJtp " SSion « enzyme in tobacco 

slants (Bakker et . al„.' f2001. Pr-^ ■ ■* 

>«n>n •' -'• •"-"• - *• ° Pr ° C JfetI *ead Scl USA, 98 ,2899- 

1904) as well as in tobacco BY2 cells r Pa i a ' " 

cei:Ls C pa lacpac et al-. (1999) 
>roc Natl Acad S C ± USA 96,4692-4697) h*, v. ^ . ■ 

1 ,,ow 4 &97) has been described. The 

, recombinant human beta 1 4-/r=,i,^*- i A 

1,4 ? alact °3yltransf erase was functional . 

tlinT bT frOT ttana9eniC «°**~ 

lants t 1 ' 4 -' alaCto " «^«s. Hevertheless, in hi g her 

la tw " yltranSfeMS£ ^ SlPha ^^-fucosyltransfera.e, 
dhe two enzymes that are considered responsible for transferrin; . 

si^e-s ..treks 194 sw- ' . iTanNaueuu N3«ois -r bs.at sbbz-iho-ab 
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the additional, plant-specif ir- a . . 

pecxric residues. These residues ar6 

considered to be allergenic for humans (G arcia-Cass*do et Z 

(1996) GlycobioZogy 6, 47l- 477; van Ree ^ aJL ' 

Chem. 275, No. 15, 11451-11458) . All data ™ i 

■ ' ' AiX data on plant-specific n- 

glycosylation has been generated in . studies with higher plants. 

The bryophyte, P*ysco*itrella patens, . a haploid non-vascular 
land plant, can also be used for the production of recombinant 
proteins (wo 01/25456) . 

The life cycle of ■ mosses is dominate<J . by phQtoautot c 
gametophytic generation. The life cycle is completely different 
to . that of the higher. pIants whereill the sporophyt6 . g ^ 
dommant generation and there are notably many differences to be 
observed between higher plants and mosses. 

The gametophyte of mosses is characterised by two distinct 
developmental stages. The protonema which develops via apical 
growth, grows into a filamentous network of only two cell types 
<chloronemal and canlonemal. cells) . The second stage, called the ' 
gametophore, differentiates by caulinary growth from a simple 
apxcal system. Both stages are photoautotrophically active • 
Cultivation of protonema without differentiation into the more 
complex gametophore has been shown for suspension cultures in 
flasks as well as for bloreactor cultures , HO 01/25456). 
-ultxvatron of fully differentiated and pbotoautrophically 
ictrve multicellullar tissue containing only a few cell types is 
»ot described for higher .plants. . The genetic stability of the - 
moss cell system provides an important advantage over plant cell' 7 :' 
natures and the stability of photoautotrophically active hryo- 

.mfrlarung und stereochemische Untersuchungen von Sesquiterpenes 
>ls Mhaltsstoff. atherischer 6le. Ph.D. thesis, Hamburg uni- 
versity, . in cell cultures of higher plants the secondary meta- 
bolism is more differentiated and this results in differences in 
Secondary metabolite prof lies. ' 
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hi h , " e between ^ 

end hxgher plants on the biochemical level. sulfate assimilation 
rn Physcomicrella pa CeM differs significantly from that i» 
•higher plants. The key enryme of sulfate assimilation in higher 
Plants is adenosine 5 -phosphosulfate reductase. In Physcci- 
trella patens an alternative pathway via phosphoadenosine 5 .- 
phosphosulfete reductase co-e*ists (Koprivova et al. u 
Biol. Chen,. 277,3219,-32201). • This pathway ha3 not been 
characterised in higher plants. ' 

Furthermore, many members of the moss, algae and fern families 
produce a „ id e range of polyunsaturated fatty acids (Dembitsfcy 

asm Prog. ^0 32 , 281 . 356) Fo£ exaopi ^ Machidon J 

acrd and eicosapentaenoic acid are thought to be produced only 
by lower plants and not by higher plants.. Some enzymes of the 
metabolism of polyunsaturated fatty acids, (delta ff-acyl-group 
desaturase, (G ir*e et al. ,1998,, Plant a, IS, 39-48, and a 
component of a delta S elongase ..anr et al, (20 02, Plant a 31, 
2S5-2S8), have been cloned from Ph yaccmitxslla pateas _ Hq 
corresponding genes have been found in higher plants. This fact 
appears to confirm that essential differences e*lst between 
higher plants and lower plants at the biochemical level. 

Further differences are reflected in the regeneration of the 
:ell wall Protoplasts derived from higher plants regenerate new ' 
:ell walls in a rapid menner, independently o, the culture • 
nedxum. Direct transfer of. DK* via polyethylene glycol (PEG, 
,:.nto protoplasts of higher .plants, reguires pre-incubation at 4 ' 

l:o 10 c to slow down the process of-eaU'u-n ~ 

■ F y* ceJ.1 wall regeneration (OS 

Patent SS08184, . In contrast." cell wall regeneration' of proto- 
2 .T T Pr ° t0ne,M " *• indent on- ' 

ation JT" ,r tOPlMtS ' ^ CUltiV " ed -St- 

ation Of the cell wall over long periods, without the intention 

<f berng bound by theory, it" appear, that- the. secretion 

macbmery of the moss protoplast, essential for cell wall 

rfegeneration and protein glycosylation, differs from that of 
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higher plants. Moreover, Physco.itreil, wteK ^ h 
efferent homologous recombination in its nuclear d„a, a unicue 
^ature f or plants, which enables directed gene . disruption 
(Grrke et al. ,1998, Plant 15. 39-48; strepp et al. .LooT 
Prcc »atl Acad Sci 0SA 95,4368-4373;' Koprivova' (2002, J. Biol 
Chem.277, 32195-32201; renewed by ResJci ,1399) Plants 208, 301^ 
309;. Schaefer and Zryd (2001, Plant Fhys 127, 1430-1438- 
Sehaefer ,2002, Anna. „ev. , PUnt slo2 . 53> . f 
illustrating fundamental differences to higher plants. However 
the use of this' mechanism for altering glycosylate patterns 
has proven to be' problematic, as shown herein in the examples 
Disruption of »-acet y lglucosaminyltransferase I (gsth ln 
Physcomitrella patens resulted in the loss of the specific 
transcript but only in minor differences of the H-glycosylation 
pattern. These results were in direct contra,* to the loss of 
Golgr-modified cooler glycans in a mutant Arabidopsis tnaliana 
Plant lacking observed by von schaewen et al. ,1993, Plant 

«.ysiol 102, 1109-11.18,. Thus, the knockout in * byscamltrslla 
patens did not result in the . expected modification of the W - 
glycosylation pattern. 



Although the knockout strategy was not successful for GNT1, the 
present inventors, attempted to knock cut the beta 1.2-xylosyl- 
transferase (XylT, and alpha 1, 3-fueosyltransferase (FUcT, in 
»y S comitrsl2a patens. Specific transcripts could not.be 
etected in the resulting plants. Surprisingly, the H-linked 
rlycans isolated from the transgenic plants were found to be 

* 3 .f;^ . d "" ed — ?, -0 -V? ^osyl residues 

. .ould ...be detected on N-linked glycans of FucT knockout plants 
30 . no 1,2 linked xylosyl residues could be detected on »-Lnke a 

•niT or r iT taockout pW - The ^ ~ *»— 

bowed normal growth which is surprising considering that plant 
Pecxfrc glycosylate is highly cbnserved and therefore would' 
a JTT ^ ^ 5i9Dl£iCant Eor WU. knockouts 

I" c ■ D " ^ beM *• -d a detrimental 

effect on tne growth of the moss. Xn addition, costing were 
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IT " T S>lrPlrlala9ly — —apparent. M„ rewt the 
glycans without detectaili 1<3 linj£ed 

xylosyl residues. ' linked 

Integration of the human beta 1 4-«i a «.„ ,» 

• " ■ L ' 4 9 alac tosyltransf erase into the 

L77 \ knOCk ° Ut ^ e<M — Pl»t result^ 

Plant- specie fucosyi and * yl o sy i residues and with mammalian- 

vxabrlity was not expected because N-glyco- 

ZtZT\ T coraplex wel1 « « « ^ 

lit" ./ ^ 13 "- 13221 b " ^ - =mtur 

condrtrons (f or kalian cell culture.- Hills et al , 20 01, 
Brotechnol. Bioeng. 7 5/ 239-251). ' 

.Lint ilz" : f ptesent - «— «. - — 

g ycosylatron patterns, and in particular, glycosylated human • 
protexns comprising human glycosylate patterns thereon. xHT 
a further object to provide an efficient process for rb ■ 
production of heterologous animal proteins co^ilg " 
3 lycosylation patterns, particularly human protels dprt^g 
>uman glycosylation patterns in bryophytes 
Physcomltreila patens. Pnytes, such as 

■^eand other objects will become apparent fro, the following 
description and examples provided herein. * ' 

Iietailed Description •' 

According to the present invention there is MOT „ , 
transformed bryophyte cell «,-,. ■ ' Provided a ' 

•ucosyl • tran,/ comprises i) a dysfunctional 

mcosyl transferase nucleotide seguence a„H ., 

» transferase nucleotide seance! ' " . 
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The bryophyte cell of the invention * • 

• *vennon is one from a moss selected 

from the group mosses including liverworts, of speci.es from the 

2T\ ' hySCOmitr * lla ' PUna * ia < Sph ** n ™< C****o«on, ^ antlff 
and Sptserocarpos. The bryophyte cell is preferably from 
Physcomitrella patens, * 

The bryophyte cell, such as a rhysco-ltrell, wtens cell, can be 
any cell suitable for transition according to methods of the 
invention as described herein 
,„ ,,- crrnea nerein, and may bo a moss protoplast 

Cell- a =ell found in protonema tissue or other cell type 
indeed,- the skilled addressee will appreciate that moss plant 
tissue comprising populations or transformed bryophyte cells 
according to the invention, such as transformed^ protonemai 
tissue also forms an aspect of the' present invention. 

dysfunctional" as used herein means that the nominated trans- 
forms, nucleotide sequences of fucosyl transferase ( fuc I , snd 
xylosyl transferase (xylI) are substantially incapable of 
encoding m^ that c?des for ^ ^ ^ 

that are capable of modifying p lant N-linW glycans with plant- 
ixke glycoslation patterns comprising 1,3 linked fucosyl and 1 2 ' 
irhked xylosyl residues. In a preferment, the dysfunctional fucx 

stored , ^ '"^"^ "fences comprise 

targeted insertions of exogenous nucleotide sequences into 
endogenous, that is genomic. native fucT and xylr genes 
:o»prrsed in the nuclear brypphyte genome Aether it is a truly . 
Mtrve bryophyte genome, that is in hrvA^h„fi 

.' v , . ^ . T? bryophyte cells that have 

lot been trans formed- previously bv man vim, 

r - . ri-v;*-»*r*(. — — • .■ t... . .. - " D * 1113X1 with ... other v nucleic acid 

.Xr'^ ^^ DUCleat "™ te ~ * ^ch •• 
ucleic acid seance , insertions have been made previously of . 
desired nucleic acid- seguences, which substantially inhibits or 
epresees the transcription of mPHe coding for functional fucT 
«nd xylT -.transferase activity. 
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^.:./ U ; ther Prer6OTen *' Actional fuel and xyl T plant 

transferase nucleotide seguences may comprise targeted deletions 
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the. whole or substantia the „ hole endogenou3 
seguences thereof, or indeed, tasted partial deletions ofthe 
endo 9 e„o» S gene sciences of f„ cT sod X ylT nucleotide sconces, 

TJ^JT s ~ s dysfu " ccl ° M1 «- 

Bryophyte ceiis of the invention or ancestors thereof May be My 
whach We been transformed previously with heterologous' genes 
Of interest that code £ „ piljnary 3eq _ oes o£ 

interest which are- glycosylated with • mammalian • glycosylate 

Lttern n r aS *e gelation 

patterns are of the human tvoe Mrni.><-<- i 

„. T . ... Iyp ?" alternatively, the bryophyte 

cell may be transformed severally, that is, simultaneously or 
over time with nucleotide sequences coding for , t leMt , 
primary protein sequence of interest, typically at least a 

such as irvestoc* species including bovine, ovine, eguine and 

toT S TT' £h3t re9Uira namnaIlaD ^^ylation patterns 
TLnf / n the " 10 "«* °>e methods of the 

invention as described herein. Such pharmaceutical glycoproteins 
f or us i n including ._ lnclude ^ Me - - 

glucZ T inSUlin ' P ™>^ proihsulin. 

22 I - alpha-interferon, beta-interferon 

ITT' I™' WMd - Clb "^ actors selected from PactM . 

uteinlsi h ' XI1 ' f " tillty ^=**W ' 

Lutemrsxng hormone, follicle stimulating hormone growth factor! 

finding epidermal growth factor, platel.t-de'rivt ' 
factor;, crranuIoexH-* ,-~v -a., y Uft 
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^ir 1 * "^^ing, rector, and the li*e, 

, .rola«,„, oxytocln , thyrold stimulatlng^onnine; .adrenocoxticol 
-ro„ c hormone, calcitonin, parathyroid hormone, somatostatin 
erythropoietin ,„,,. M2y)Bes suc „ „ heta-giucocerebro^ast 
serum albumin, collagen , fusion proteins 

iusion protein of tnf alpha recenfcor w ^- 

• ^. p receptor lxgand binding domain with. 

= portion of IgS and the lite. Purthermore. the method of £ 
nventron can be used for the production of antibodies such as 
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specific mpnoclonal antibodies or active fragments thereof. 

In a -preferment, there is provided a transformed bryophyte cell 
that comprises ±, a dysfunctional fucosyl transferase nucleotide 
sequence and ii) a dysfunctional xylosyl transferase -nucleotide 
sequence and iii) a nucleotide sequence operably ' linked to an 
exogenous promoter that drives expression in the said bryophyte 
cell wherein said nucleotide sequence encode*, a functional 
mammalian galactosyl transferase that is expressed in the 
bryophyte cell.. 

in. a further preferment, the mammalian galactosyl tEaMf « aB . 
nucleotide sequence is a beta-1. 4 galactosyl transferase (beta- 
1,4 galT, and .est preferably is a human beta-1, 4 galactosyl 
transferase nucleotide sequence. The skilled addressee will 
appreciate that the beta-1, 4 gall nucleotide sequence may be a 
CDMA sequence or a genomic DNA sequence and may comprise a 
degeneratively equivalent nucleotide beta-1, 4 galT saquence as 
long as the N -glycan glycosylate pattern on any desired 
glycosylated exogenous protein produced in the transformed 
bryophyte cells or bryophyte tissue . of the invention is 
substantially mammalian in pattern, if not co^letely mammalian 
m pattern, and most preferably. „ he re appropriate, is human in . 
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TtT iDr °' :aatim oa the during of mosses which are 
^table for use in the invention, such as Zeptobryum pyriforme 
.nd ^agnum^gellanicum.in bioreactors, is known in the .prior 
. ,rt (see, . .for.,- example, " Wilbert. "Biotechnologies! studies 
30 , on™ g « e MS3 cultoEe of moMM K±th 

..onsrderatlon. of the arachidonic acid metabolism-, Ph.D. thesis, 
-nxversity of Main, ,1 991) .. H. Rudolph and S . Rasmusseu. Studies 
<n secondary metabolism of sphagnum cultivated in bioreactors, 
rypt. Bot.,3, pp. S7 -, 73 , 1992) , . Especially preferred for the 
Jrposes of the present invention is the use of , ny scomi te ella 
smce molecular biology techniques are practiced on this 
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organism, (for a review see R. Reski iw i 

" Dev elopment / genetics 
secular Mology of raosses , Bot . ^ m> pp ^ /"* 

Suitable transforation systems ^ ^ ^ 
blo^eehnologica! exploitation of P iysc ™ JtreiJa Eor £ 

tlL t" hetei ° l0B0U3 • «*= «-«.. successful 

transformations have been rarr; ^ , 

ini . ' • been carried out by direct DNA transfer 

into protonema tissue usin^ , 

transfer !»A P«txde gone.. PEG-mediated dna. 

transfer rnto »oss protoplasts has also been successfully 
achieved. T he PEG^ediated. transforation method has neen 
descrroed „any ti»es for ^sco^ella „ tens and leads 
transient and to stable transf orients (see, for . e Xanp le K 
Reutter and R. Reski, Production of a >,=, , 

bioreactor cultures of fully d«f«. n t ^ T ^ * 

iuj.iy dxfferentxated moss plants *»t 

Tissue culture and Biotech 7 ™ . ' ' J " 

poteen., .2, pp. 142-147 (1996)). 

rn a further embodiment- 

[„ v . , „ fc ° f the Present invention there ±s 

provided a method of producing ah l.^*- u 

fiouucing at least a bryophvte <~«i t „k~- - 

r - - substantially reWd^ j£ Z 

introducing xnto tne said cell i, a f irst nucle , c ^ " 

that rs specifically targeted to ^ 

'• argetea to an endogenous fucosvl 

transferase nucleotide sequence and ii, a second nucleic add 
sequence that is specifically targeted to an e„d« 
• k^^^c* • 9 Q to an endogenous xylosvl 

transferase nucleotide sequence. Y-^syi 

The skilled addressee will appreciate th*t- ^ 

i ... * °wreciace that the order of ini-v-^- 

ductlon of said first .. and' second transferase nucleic acid 
,eguences into the hryophyte - ceH" is not i^ortanf a J/^ 

performed in- any otder: The first and . a " " 

nrst and second nucleic acid 

eguences can he targeted to specific portions of ^ " 
-ndogenous. native fucT and *y lT genes locate(J .„ °* ^ 

«»- of the bryophyt* cell oefined hy specific restrLtL" 

it- th " eof - tor m - * * 

P ovrded herein. By specifically targeting the segnences of the 
— fucT and ryl T transferase genes with nucleotide Seoul" " 
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that specifically integrate with the .target native transferase 
.genes of interest, the expression of the said sequences i s 
substantially impaired if not completely disrupted.- 

in a preferred embodiment of the present invention there is 

provided a method of producing at least a heterologous or 

exogenous glycosylated mammalian protein, in a transformed 
bryophyte cell that comprises r 



i) 



ii) 



xntroducing into said cell . a first isolated nucleic acid 
./.that comprises a first nucleic acid sequence that is 
specifically targeted to an endogenous fucosyl transferase- 
nucleotide, sequence; and 

introducing into said cell a second nucleic acid sequence 
that xa specifically targeted to an endogenous xylosyi 
transferase nucleotide sequence; and 

iii) introducing into said cell a third isolated nucleic acid ' 
sequence that comprises nucleic acid operably linked to ah 
exogenous promoter that- drives expression" in a bryophyte 
cell wherein said nucleic acid encodes at least one 
mammalian galactosyl transferase polypeptide. 

in this embodiment of the invention the at least one mammalian 
jalactosyl transferase polypeptide is preferably a beta-1 4 
galactosyl transferase (beta-1,4 gair) and most preferably ±. \ 
^P^t^tosyl transferase nucleotfde^equence^-. 

Preferably all glycosylated mammalian proteins mentioned herein- 
above are of the human type. Other proteins that are content 
Elated for' production in the present invention include proteins 

*LT ^ ;; te£inaKy — - d correspond to animal • 

iomologues of the human proteins mentioned herein. 

I exogenous promoter is one that denotes a promoter that is 
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introduced in f ront ot a nucieic ac . d seqnence ^ 

LTf \ T Ciated — - exogenous promoter ia 

— that has been placed in fto nt or a selected nucleic acid 
exponent as herein defined ana does no, consist of the natural 
or natrve propter usually associated with the nucleic acid 
component o, interest as found i» „ ild type circumstances . 
a Promoter may he native to a bryophyte cell o, interest but may 
not be operably associated with the nucleic acid of interest in 

plolt T • ^ bryophyte ceI13 - T ^ ly ' ~ — 

promoter - is one that is trmsf.,.^ .. 

. transferred to a host bryophyte cell 

from a source- other' than the host cell. r 

The cDNA-e encoding the g alT proteins, the glycosylated and the 
-ammalran proteins as described herein contain at least one type- 
of promoter that is operable in a bryophyte cell, for e*^, 
an xnducrble or a constitutive promoter operatively linfced I '„ 
galT nucleic acid s eq uence and/or second nucleic acid seouence 
for a glycosylated mammalian protein as herein defined and as 
prodded by the present invention. As discussed, this enable 
control of expression of the gene <s>. 

The term "inducible" as aDDlied to * . • ' 

,„ Wired to a promoter rs well understood 

y those srrlled in the ert. In essence, expression under the . 
-ontrol of an inducible promoter is -switched on" or increased 

-thru a cell or provided erogenously, . The nature of the 
.txmulus varies between promoters, Some inducible promoters " 



-use; little or ^ect^^ Is ^, t expression , or no . 

36 fc re T n) ^ ^^^^ ^-^rlate stilus, otne^ 
30 »*«^^ expression! 

" ^ StimUlUS ' ^ ^ - expression J 

roster T 6 ^ <~ ^ 

LreaT SltUati ° n *« ° f expressio, 

et :: r rrr r the reievant ^ * - 

to ^rer a . phe^otypic characteristic. Thus a*. 
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inducible (or »switchabl e ., promoter may be used ^ c 
basic level of expression in the absence of the stimulus which 
level is too low to bring about a desired phenotype (and My in 
fact be rero). Upon application of the stimulus, expression ia 
increased (or switched on) to a level, „ hich brings 
desired phenotype.. 

as . alluded to herein, bryophyte expression systems are also 
Jcnewn to the man skilled in the art. A bryophyte propter, in 
particular a Physeomitrella patens promoter," is any DNA sequence 
capable of binding a host DBA-dependent RNA polymerase and 
rnrtiating the downstream (3-) transcription of a coding 
sequence (e.g. structural gene, into mRMA. A promoter will Have 
a transcription Initiation region which is usually placed 
Proximal to the 5- end of the coding sequence. This 
transcription initiation r egio n usually i nclMdes aii m 
polymerase binding site (the "TATA Box-, and a transcription 
initiation site. A bryophyte promoter may also have a second 
domain called an upstream activator sequence (OAS, , „ hich , 1£ 
present,, is usually distal to the structural gene.. The OAS 
permrts regulated (inducible, expression. Constitutive 
expression occurs in the absence of a DAS. Regulated expression 
»ay be either positive or negative, thereby either enhancing or 
reducing transcription. 

rhe skilled addressee will appreciate that bryophyte promoter 
sequences encoding enrymes in bryophyte metabolic pathways can 
.rovide particularly .useful promoter sequences. , 

30-::n. addition, ' synthetic promoters which do not occur In nature^ 
.«y also function as bryophyte promoters. For exam Ble , das 
sequences of one byrophyte promoter may be Joined with the 
-ascription activation region of another bryophyte promoter, 
creating a synthetic hybrid promoter. An example of a suitable 

35. promoter is the one used in the TOP 10 expression system for - 
ifoyscomitrells patens by Midler et al. ,1 996) Mant . ^ ^ 
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*hysiol. 154, 641-650), Cohen at al L c M ' ^ 
0^ 77: 107 a. 1980,- Heni*of f et al M / * 

Hollenberg et al Curr T ' ^ ^'^ 1981 ' 

10 [•.„• , , CUrr - T ° P1CS Microbiol - Immunol., < 6 - 1M 

10 198 1; Hollenberg et al "Th* . ' 

Li V- 6 ^P^ssion of Bacterial 

biotxc Resistance Genes in the Yeast 5a ^„ 
in: Plasmids of Medical Envi, ! c « 
feds' K m t ■ a1 ' Ewiro ^^al. and Commercial Importance 

(eds. K. M. Timms and A. Puhler) , 1979- 
L,i J-";* X379, Mercerau-Puicralon 

15 109, 1980. Curr. • Genjet., 2: 



U DNA molecule may be expressed intracellular^ in brvoDhv1 - - 

start c °<*on on the mRNA xr ^ 
methionine at the .-terminus may be cleaned from the prole b 
- vitro incubation with cyanogen bromide. * ^ 

Lternatively, foreign proteins can also be secreted J 
:yophyte cell into t*. _ . sec **ted f lQ m the 
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ic DNA 
leader 
but of; 



ryophyte cell -u secreted fi 

, PF Cel1 lnto the growth media by creatine M 
folecules that encode a fu siori ... creating chime,) 

■ fusxon protein comprised of a 

• Meguence fragment that provides .^fo&secretion i. \ 
I ryophyte cells of the forlf^- — " • -5^ or but of 

p rocessing sit es " ^"SS^^^' ^ ~* 
foreign gene that can be cleavld eitt ^ th& 

leader Seq uence fraolj " " Vitr °" Th * 

equence fragment usually encodes * -, 

of the protein £ra » the cell. ***• S = cra «°" 
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for • secreted bryophyte proteins, such a3 i eader3 &f ^ 
bryophyte origin, such as : a VE GF leader, .exist that may also 
provide for secretion in bryophyte cells. 

Transcription termination sequences that are recognized by and 
functional in bryophyte, cells are regulatory regions located 3 r 
to the translation stop codon, and thus together' with the 
promoter flank the. coding sequence. These sequences direct the 
transcription of an' mRNA which can be translated into the 
polypeptide encoded .by the DMA. .An example of a suitable 
tericdnatidn sequence that . works in Physc6mitrella patens is the 
termination region of Cauliflower mosaic virus. 



Typically, the components, comprising a promoter, leader (if 
desired) , coding sequence of . interest, and transcription 
termination sequence-, are put together into expression 
constructs; of- -the invention.. Expression constructs 'are often' 
fnaintained in a DNA plasmid, . which, is an extrachromosomal 
element capable of stable maintenance in a host, such as a-' 
bacterium. The DMA plasmid may have two origins of replication 
^ US -" all ° wing i - t fco be xnaintained, for example,, in a bryophyte ^ 
; ^ A€ . for : expressibh - and ; in a prokaryotic' host for cloning and 
• ..Sr^ 1 ! 1021 ^-- Generally speaking' it. , is" sufficient if the 
. . plasmid. .has one origin -of replication for cloning ' and 
25 .unification in a prokaryotic host cell, m addition, a DNa 
. . Plasmid may be either a -high or low copy number plasmid. A. high 
_ <:opy number plasmid will generally have a copy number ranging 

^l^t^^: ^ .-bout 150. A 
F copy ..number.iiasmir wiil preferably have 

^fe^^^^bout^lO, and more preferably -af least about 20. Either 
... tfy /high. or.Xow copy number vector may be selected, depending upon 
the; effect of the vector and the foreign protein on the host 
<see< e^g., Brake et al., supra).. 

35 Alternatively, the expression, constructs can be integrated" into 
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the bryophyte' genome with an integrating vector. Xntmttx M 
vector usually contain at Ieasfc _ ^ - e, rati 

bryopnyte chromosome that allows the vector to integrate J 
pieferabiy contain two hamolog ^ ^ - 

:= on construct. *n in t egr atin g vector .ay b e dire^ to a 
specific locus in moss bv selerHn,, «, 

y seJ -ecting the appropriate homolooous 
sequence • for inclusion in the v ^ n , „ °moiogous 

1 tne vector as desc:rihe>H 

O- « -re expression contra ^ 
integrate., xh. c^so^al =es incluaed 

occur either as . single se9ment in ^ vectQ wh ~~ can 

! to adjacent segments in the r-T^w, 

evt ^ ec , the chromosome and flanking the 

expression construct- nr. i-u^ - 

construct in the vector, which can result in fh. 

stable integration of only the exoresc,-™ 

■* /- ne ex P^esaion construct. 

Usually, extrachromosomal and. intearati^ ™ 

, - integrating expression constructs ' 

f "I-*-"- -rkers to allow for the selection If 

bryophyte cells that have been transformed. . 

Selectable „a lkers „• bl . ^ _ 

in the. m o SS host , snch as the w j or h ;;; om ;i 1 

resistance genes, which confer resistant < w B 

k ib - ^ectrr:; r:r yt : r^r: . 

ily "> 9 r ow in the presence of 
oatal. le co »»> 0 nnds < such as 



Uternatively, soiiie.- of ;'the above-descrlh~< - 

•ooethex' l»t.„ I-""'. ; • -S'- < * M . eelb ^ components can be put 

-ogether into transition vectors? Transforation vectors'"'!- 
■sually comprised . of ,: a selectable ^ that , ! 
..aintained in a DMA plasmid OE " "f " ^ « ' -ther . 
-ctor, as described above. " " 

methods of introducing exogenous DNA into bryophyte cell, 
•(ell-known in the art ^ oryopnyte cells ..are, 

S -Prinlnll ' ™ deSCtibed ±nt « aiia * Schaefer 

■ Principles and protocols f?r ^ ^ 
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' PateMV (May 2001) ^titute of Ecology/ Laboratory of Plant 
Cell Genetics,. University of- Lausanne Didier . Schaef eras ~, 

R C ' ^ >Ch ; Reutter K - and Plant ^^^Ta^ 

Biotechnology September 1996, Vol . 2/ No . 3; Zfeidler M et ^ 

(1996), Plant Molecular Biology 30:199-205. 

Those skilled in the art are well able to construct vectors and 
design protocols for recombinant nucleic acid sequence or gene 
expression as described above. Suitable vectors can be chosen or 
constructed,. containing - appropriate regulatory sequences 
including ;, : promoter sequences;:- terminator fragments, polyl 
adenylation sequences, enhancer sequences, marker genes and 
other sequences as appropriate. For further details see, for 
example, Molecular cloning: a Laboratory Manual: 2nd edition 
Sambrook et al, 1989, Cold Spring Harbor ' Laboratory Press. Many 
known techniques and protocols for manipulation of nucleic acid 
.for*; example in preparation of nucleic acid . constructs,' 
mutagenesis, sequencing, introduction of DNA into cells and gene 
expression, and analysis of proteins, are described in detail in 
Current Protocols in Molecular Biology, Second. Edition, Ausubel 
et ,,, al - . eds -< John Wiley < Sons, 1992. The disclosures of [ 
Sambrook et al. and Ausubel et al. are incorporated herein by 
reference. 



•V30K 



naturally, the skilled addressee will appreciate that- each 
nucleic acid sequence coding for the- appropriate galT and 
polypeptide to be glycosylated will be under regulatory control ' 
5 ^^^:*«^nous promoter and terminator.: Wen>two or more 
:a%e>t eiM - are. destined ^..be^^^ a . 3ingle . 
:a S. eC ^ tt 13 Parable if they.^are. able to be readily 
separated, for example by binding to different " protein-specific 
-tibodies (monoclonal or polyclonal) in the harvesting phase of 
^he bryophyte cell culture system. 
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described above, selectable • genetic markers may facilitate 
the selection of transgenic bryophyte ceils and these may 
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con Sist of chimeric genes that confer selectable *h * 
alluded to herein. selectable phenotypes as 

When introducing selected glycosyl transferase nucleic acid 

fences for glycosyiation into a 
bryophyte cell, certain considerations must be taken into 
account, -well known " to those skills ' ■ „. 

3HH(e . . w . • sk:Lll ed J-n the art. The nucleic - 

acid(s) to be inserted should he assembled, within a construct 
which contain, effects rectory . elements, whic J ^ 
transcription. There must be availahiv . - ' 

^ „ . . mailable a method of transporting 

the., construct into the ./-in •••«<w ^ y 

cell ro ^H ■ " the ■ struct" is within -the • 

cell membrane, integration" into ~ ^ 

material .-i^K -, n endogenous chromosomal 

material. ex ther will or will not occur.. 

The invention further encompasses a host cell transformed with 
vectors or constructs as set forth above, especially a bryophyt 
or . a microbial cell. Thus a Y pnyte 

cell in^nA- ■ • ' SUCh ' "■'* ^Vophyte 

cell, including nucleotide sequences of ^ • - 

4.- ^ equences of the indention as herein 

indicated is provided. Within the cell • 
L=„ u •• • ' tl;e nucleotide sequence 

■nay be incorporated, within the chromosome. - - 



^ h aC 7 d ^ to the invention there is provided a bryophyte 
=ell having incorporated .into its genome at f 

.. <**»***T seances for control of expIesslm as 
descried. Th e codin 3 segoenc6 My he Qperably ^ 

~y,.6. heterologous., or foraign - 

lit eXPreSSi ° n : Tfte ■ according t l the . 

invention may be pI aeed ^ the centre! of en external 
inducible promoter to piece e*e,..„- . «rternally 

, ..v , ' - • . egression under the control of the 

iser. A further- espect of th. , ' 

35 nethod of » P * lTOBn "*> provides, e 

netnod of making- such a bryophyte cell r.=n-<~ •, , 

aitreija patens cell ■ , Particularly a Physco- 

P " S ""*=*™s introduction of nucleic acid 
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sequence^, contemplated for use in the invention or" at least B 
suitable vector including the sequence (s, contemplated for use 
xn the invention into a bryophyte cell and causing or allowing 
recombination between the vector and the bryophyte cell genome 
to introduce the said sequences into the genome. The invention 
extends to bryophyte. cells, particularly fhyscomittella patens 
cells containing a GalT nucleotide and/or a" nucleotide sequence 
coding for a polypeptide sequence destined for the addition of a 
mammalian glycosylate pattern thereto and suitable for use in 
the invention as a result .of introduction of the nucleotide 
sequence into:an ancestor dell. - \ . . - • 



The term "heterologous" may be used to indicat£ ^ ^ 
gene/sequence of nucleotide* m question have been Introduced 
mto bryophyte cells or an ancestor thereof, using genetic 
entering, ie by human intervention, A transgenic bryophyte 
cell, r.e. transgenic for the nucleotide sequence in question, 
may be provided. ,he trensgene may be on an extra-genomic vector 
or incorporated, preferably stably. Into the genome. fl.' . 
heterologous gene may replace an endogenous equivalent gene, ie ' 
one that normally performs the same or a similar function, or ? 
the. inserted sequence may be additional to the endogenous gene 
or other sequence. An advantage of introduction of a hetero- 
logous gene is the ability to place expression of a sequence \ 
ander the control of a promoter of choice, in order to be able 
=o influence expression according to preference. Hucleotlde 
-guences heterologous, or exogenous or foreign, to a bryophyte " 
;:|l^may :be non-naturally^ccurring ,in cells of that , type^„ 
^ecies. ^us.-a^cleotide.'iequence may' include^ iftl 
^odrna ■ sequence of ' or derived from' a particular type cf • \ ■ 
.•^Phyte cell, such as a ^hyscomitella ^tens cell, ^l aced 
.athin the context of a bryophyte cell of a different type or 
species. A further possibility is for a nucleotide sequence to 
. . e placed within a bryophyte cell in which It or a homologue is 

iound naturally, but wherein the nucleotide sequence is linred. . 
and/or. adjacent to nucleic acid which does, not occur naturally 
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** cel1 ' or « «»t t„. «. species or straiB 

such as operably l inlMd to one or more regulitory ^' 

& P,;0 " 0ter «*• control of expression * 

sequence within a bryophyte or other host ceil ma y be 
identrfrably heterologous erogenous or foreign. 

Ihe present invention also encompasies the' desired polypeptide 
expression product of the combination of nucleic acid belles 
according to the invention as disclosed herein , or obtainable in 
accordance with, the information and . suggestions herein, also 

expression product by 
expression from nucleotide sequences ' encoding therefore " unde! 

r^r 1 " " auitabie hostceiii '' W 

Protocol T ^ aM Wel1 ^ t0 COnStEU=t Ve «<** - d -« 
protocols and systems for expression and recovery of products of 

recombxnant gene expression... 

A Poiypeptide' . according to - the present invention may be an 
allele, variant, fragment, derivative, mutant or homologue of 
the(a) polypeptides as mentioned herein'. The allele, variant 
fragment, derivative, mutant . or homologue my have substantial!; 
the same function of the polypeptides alluded to above and as 
shown herein or -ay.be. -a functional mutant thereof; in' the ■ 
context- of pharmaceutical proteins as described herein- for use ' 
n >umans, the ssilled addressee will appreciate that the 
primary sequence of such proteins and their glycosylate 
pattern will nrim-i-i, ~, ^ . J Y " ■ 

iuraans\ 

■"*." * 

^^ology^r-.-^^^a^!^^:-^ amino ' *n * V'" ''v- ' : 
J ■ . -••■••.■-.-■» a " - amxno acxd sequence of the- 

invention s.y ■ be 'used to refer to Identity or similar^ 
preferably Entity. As noted already abbve. high level of 

TrJZT* ^ ^ t0 f ^"^ =^«cant domain, 
regions, e.g. any of the domains identified herein. 
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.In particular, homologues of the particular brybphyte-derived 
polypeptide sequences provided herein, are provided by the 
present invention, as are ' mutants, ■ variants, fragments and 
derivatives of such homologues. Such homologues are readily 
obtainable by use of the disclosures made herein. Naturally/ the- 
skilled * addressee will appreciate that . homologues of the 
glycosylated protein sequences per se, other than those 
homologues that due to the degeneracy of the genetic code give 
rise to amino acid sequences that are true, copies (i.e. 100% 
J L ? 6ntical » of the mammalian proteins of interest, and especially 
*f~human proteins of ^interest; are encompassed within the 
present invention. Thus the present invention also extends to 
polypeptides which include amino acid sequences with GalT 
function as defined herein and as obtainable using sequence 
information as provided herein. The GalT homologues may at the 
amino acid level have homology, that is identity,, with the amino 
acid sequences described in the prior art as described herein 
i.e. under the database accession numbers - provided in the 
examples . section, . preferably at least about 50%, or at least " 
55%, or at least about 60%, or at least about 65%, or at least-' 
about 70%/ or' at least;: about 75%, or at least about 80% <■ 
homology, or -at least : >about '85 %, . or at least ^ QQt QQ% 
homology, or. at least about.: -90% homology and most preferably at 
Least about 95% or greater homology provided that such proteins . 
>ave a GalT activity that fits within the context of the present 
invention. 



M^^.;? -, ^^^«^;^«»i=, derisive. TOtant 



ftfiff***} mutant or hom^e.: of . the specific sequence may 
^hov ...little 'overall homology, say : about 20%', or about 25% or 
£ .bout 30%, or " about 35%, or about 40% or about 45%, with' the 
pecific sequence. However, in functionally significant domains: 
- regrons, the amino acid homology may be much higher. Putative 
functionally significant domains or regions can be identified 
■ processes of bioinformatics, including comparison of the 

guences of homologues. 
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Functionally significant domains or regions of different 
polypeptides may be combined ' for ' expression from encoding 
nucleic acid as a fusion" protein. For . example, particularly 
advantageous or desirable properties of different homologies may 
be combined in a hybrid protein, such ■ that the resultant 
•expression product, with GalT. function, may include fragments of 
various parent proteins, if appropriate. 

Similarity of amino acid sequences may. be as defined and 
determined by the .TBLASTN program, of Altschul et al. (19 90 ) j 
Mol, Biol. : aiS:/*pS-10, which is in standard use in" the art. In 
particular, TBLASTN 2.0 may be used with Matrix BLOSOM62 and GAP 
penalties: existence: 11, extension: 1. Another standard program 
that may be used is BestFit, which is part of the- Wisconsin 
Package, Version 8, September 1994, (Genetics Computer Group, 
|575 science Drive, Madison, Wisconsin, a S A, Wisconsin 53711, ' 
BestFit. makes an optimal alignment of the best segment of 
somxlarity between two sequences. Optimal alignments are found 
by inserting gaps to maximize the number of matches using the 
local homology algorithm of Smith and- Waterman (Adv! Appl.- Math 
|(1981) 2: 482-489). other algorithms include GAP, which uses th* " 
.eedleman- and Wunsch algorithm to align two complete sequences ■ 
hat maximizes the . number of matches and. minimizes the' number of 
rap.. As with any algorithm, generally the default parameters 
_ re used, which for GAP are a gap creation penalty = 12 and gap 
-tension penalty- 4. Alternatively, a gap creation penalty of \ 
* T ° aP ,T enSi0n Penalty ° £ °« 1 ^ ^ used. The algorithm 




35 



ise of either of the terms "homology" and "homologous" herein 
C06S ±mply any »~«««y evolutionary relationship between 

compared- sequences, in keeping for example with standard use of 
terms such as "homologous recombination" which merely requires 
t*at two nucleotide sequences are sufficiently simiIar to 
rfecombine under the appropriate conditions. 
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It is to be understood that .the teaching of all references cited 
herein is incorporated into the teaching of the specification. 
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Methods and Materials 

Plant material 

The wild-type strain of Physccmltrella patens (Hedw.Y B_s G 
characterised by Reski et al. (1994) Genome- analysis of the moss 
fh^comitreJla pa t en^.{Hedw.). B.S.G. r Mol Geh. Genet 244, 352-359) wa s • 
used. It is a subculture of strain 16/14 which was collected by 
H.L.K. Whitehouse in G-ransden Wood, Huntingdonshire, OK and was 
propagated by Engel- (1968) An j Bet 55, 438-446.) . 

Construction of pRTlOlVEGP C3 



Human vascular endothelial ..growth .factor. 121 t VEGF a21 ) cDNA 
without leader sequence was excised as- an Woel-Sall fragment > 
f ro», P CYTEXP-VEGF 121 (available from GBF r Braunschweig, Germany). 
Thxs fragment was . blunt-ended by the Klenbw reaction and ? 
introduced into pRTlOl (Topfer et al. (1987) m 15/ 589) at > 
the SmaX restriction site to form plasmid pRTlOlVEGF C3. m this 
construct, the VEGF 121 cDNA without leader sequence was placed : " 
downstream of the CaMV 35 S promoter and terminated by the CaW " ' 
terminator (Gorr (1999) Biotechnologische Nutzung von Bhyscomi- 
trella patens (Hedw.) b.s.G.. Ph.D. thesis, Hamburg University) 



"■ .** *£•* 

■ ^ jrtlng signal' . ''£oi?'f%^ 

ecretron) was ; cloned,; Into ^pRTl 01 VEG^. C3 . The signal peptide^- 
<f=DNA. was . amplified from -the-piasmid pRTioi P2 i (Cto rr 
1999), supra) using the 5- primer MoB323.5»- ATA CTC GAG GAA GAT. 
- CTT TTC TGC CT & TCT TGG -3- (SEQ ID NO 1) containing an XhoL " 
restriction side and 3' primer MoB349 5'-. CTG CCA TGG GTG CAG. 

7 ACC AC ' 3 ' <SEQ 10 N0 21 staining a * co r restriction 
^de. The amplified DNA was digested with xhol and Ncbl and 
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pktip 1ipvegp cs. « 3Ulting plasMid contalned 9 - 

seances to the W signal peptide and VEGF121 1, frame under 
the control of the CaMV 35 s promoter. 

Standard cnltm-» conditions 

Plants «r B grown- axenlcallly under, sterile conditions in pla±B 

ToZTtT* " odified ^ Bedium <loo ° ** n c °< h °»> * «** 

M T KC1 ' 250 ^ *« -/l «^0. * 7 Ha o and 12.5 

I^W? * ^' PH - <?""■■>■* (1985 > ««« 165/ 

•354.35^ Plants ^ Vere grown in' Soo'ml irlinmeyer f las>=s cental! 
ning 200 mi of culture medium and flasks were shaken- on a 

frrr R <B - Bram ""'^ ^"•"i*-!, ^rmany, set 

at 120 rpm. Conditions in the growth chamber were 25 +/ - 3 - c 
and a light-dark regime of le-s h th. «, - . 

„„_ . 8 ■ LS-8 h " The ttasks were illuminated 

from -above by two fluorescent tubes (Osram L S8 h / ' 2s) 
providing 35 micromols-^. The cultures were- subculture* once a 
weekly drsintegration using an Ultra-Turrax homogeni.er <r** 
Staufen, Sermany, and inoculation of two new 500 ml Erlanmeyer 
flasks containing 100 ml fresh Knop medium. 

Protoplast isolation 



^filtration, the moss protonemata . were preincubated in 0.5 « 
xannitol. after 30 min, 4 % nrf-.i... ,„. • 
• 25 ■ r»™„..,' Onselase (Sigma, Deisenhofen, 

' tTT 3dded t0 «» oriselase was dissolved in 

. >.5 « mannitol , P H 5.6-5.8,, centrifuged at 3600 rpm for 10 min 

■-m^^^J? PaSSaffe : ^ k ".»•» filter «Miil eX 

-^^^4^^^,^^^^ DSA) '. ^f,- ^suspension;: containina 1% 

f l-p^ :FOnCentratl0n) ' ^^d-inthe dark at 11 \ 
.30^ ^agitated-, gently (best yields of ^otoplasts were achieved 

•^"tocJ T* °' 1 — '^fer, "Principles • and • 
., . nstxtute of Ecology. Laboratory of Plant cell Genetic, 

35 Juspensron was passed througiTsieves (wllson , L, ^y, Bith 
*» s 12 es of loo microm and 50 microm. T he suspension was ■ 
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centrifuged in sterile centrifuge tubes and protoplasts were 
segmented at RT for 10 min at 55 g (acceleration of 3 ; slow 
down at 3; Multifuge- 3 S-R, Rendro, Germany:, (Schaefer, supra) _ 
Protoplasts were gently . resuspended in W5 medium (125 nw CaCl a x 
2H 2 Q; 137. mM Nad; 5.S mM glucose; 10 mM Kci; pH 5, 6; 660-680 
mosm; sterile filtered) / The suspension was centrifuged again at 
RT for 10 min at 55 g (acceleration of 3; slow down at 3; 
Multifuge 3 S-R, Kendro, Germany) . Protoplasts were gently re- 
upended in CT5 medium mother et al. (1994) j «ant Physiol 
}* 3 '. 7?~ 7 Ii " For counting protoplasts ; a small volume of the- 
^spension^wasjtranVfer^ to a Fuchs-Rosenthal-chaiber. ~ * 

Transformation protocol 



r30 



35 



For transformation protoplasts were incubated on ice in the dark 
for 30 minutes.. Subsequently, protoplasts were sedimented by 
centrifugation at RT for 10 min at 55 g (acceleration of 3 - 
slow down, at 3; Multifuge 3 S-R, Kendro) - Protoplasts were 
resuspended i„ 3M medium (15 mM CaCl a x 2H a O;0.1 % MES; 0 48 k : 
jmannitol; P H 5.6, 540 mOsm; sterile filtered," Schaefer et al < 
(1991) Mol fien fenet 226, 418-424, at a concentration of 1.2 x 
10* protoplasts /.ml (Reutter and Reski <i 99 6) Production of a 
heterologous-protein in bioreactor cultures of fully differen- 
tiated moss plants, pi. T i S sue culture and Biotech., 2, pp i4 2 - 
U7). 250 microlitre of this protoplast suspension ' were 
ixspensed into a new sterile centrifuge tube, 50 microlitre DNA 
solution (column purified DNA in H 2 0 . (Qiagen, Hilden, Germany); 
L0-100 microlitre; optimal DNA amount of 60 microgram) was added' 
■^^M^^f^H^ .PBG-solution a 4 0iV. ?EG 400^rfe-: 
^^.W'"^)^' P* 6/ after autoclaving) was addedr^V 
s uspension was - immediately but gently mixed and then incub'ated " 
l0r ' 6 at RT W±th ^casional gentle mixing. The suspension 

vas diluted progressively by adding 1, 2, 3 and 4 ml of 3M. 
aedium. The suspension was centrifuged at 20 "c for 10 minutes at 
55 g (acceleration, of 3; s i ow d own at 3; Multifuge 3 S-R- 
Kendro) . 
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The pellet was re-suspended 

.a, for transient transformation experiments in 300 microlitre or 
400 microlitre 3m medium. Cultivate nf - ' 

• . * • ■ »• cultivation of transformed protoolasl-^ 

was performed in 96 well plates nnn • 0 ^opia sts 
GmhH u- j ' u ^ pJ-ates (300 mxcrolitre, Nunclon, Nunc 

GmbH, Wiesbaden , Germany) or 4R «„n 

r ^ 1Tc4 . . yJ ° r 48 Wel1 Piatres {400 microlitre,. 

Cellstar, grexner bio^one, .Frickenhausen, Germany), 

ldiT d T le tranSfOMaati ° n * ^ ml regeneration medium 
(modify Knop medium, 5 , glucose; 3* mannitol, 540 mosm; pff ' 
5 6-5 8), Regeneration and selection Maa performed as 
by Strepp et. al. (1398, *roc »*tl * cad Sci DSA 

For selection Knop's^,^.,^^ with" 50 ' 

mxcrogram/ml S418 or with 30 microgram/ml Hygromycin B . 

u^rrr ation was perfor,n6d by w 

for transient gene expression and direct- gene transfer in plant 
cells. «. I6 , 8?25) conta±ning ^ xi ^ ^ selection 

marker m parallel with- 10 microgram Unearned DNA of eal " 
lockout and/or integration construct into the protoplasts 
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rotem bands were excised from Coouaasie-stained SDS - 
|. W-taaba, Glycoblology Mvisicn, l ns t itll t ^ c&CTlle 



35 



jitb pep ai n. U-glyca,,, were obtain Iron the * * 

fet^r nt " ith '~-^— , aj analy :r; 



93:81 £002-1X0^0 



, 10 



is 



20 



25 



3d - 



Synthesi s of oligonucleotides 

For- design of synthetic oligonucleotides the standard code for 
nucleotides was used. For design of degenerated primers the 
standard code was used: 

,u, w A,r, S - C,G; M = A,C; K - G ,T; H = A,T,C; 
B = G,C,T; V - G,A,C,- D - G,A,T; N « G,A,C,T 

Examples . 



1^ Cloning of the ; l,2-^cetvlaluco S ai ninvltranc ; ^v J ise . T £rflTn 
j&L seomitrella .pa ten ^ 'and an alysis of the knockont r T anj - e 

1.1 Cloning of the c DNA and genomic DMA for GNTI 



A fragment of the cDNA. for the GNTI was obtained by performing 
two rounds of pgr with" degenerated primers on tne cDNA from P 
patens WT- These primers were created on the basis of a protein 
alignment of the known GNTIs from plants, in the -first round 
primers - QNT( d )l ( 5 ' ~ GTNGCNGCNGTNGTNGTNATGGC— 3 1 , SEQ ID NO 3) an d 
GTN"{d) 3 (5 ' - CCYTTRTANGCNGCNC(TG) NGGNACNCC-3 ' SEQ ID NO 4)' were 
used and then • the product from this PC* was subjected to- 
subsequent P C R with the primers GTN (d) 2 "(5 * — TAYAARATN (CA) GN- 
CAYTAYAARTGG-3-,. SEQ ID NO 5)" and GTN(d)4 : (S-ARRTAY*GYTTRAARAA- 
.TGNCC^ SEQ ID NO «. The PCR resulted- in a SOObp product 
»hxch was cloned into pC R 4 TOPO and sequenced from both ends • 



■ obtain the hissing 5 -end of the cDNA S- KAC E was perfoImed 
With, the primers: 5RR0EG3 ( 5 .' "GTCCGTGTCCAATAAAGGAG— 3 * , SEQ ID NO 

'^^SmmSSSSS^S^^^'Vi^-^ «° IS) , 5RACEG5 

sm 'ID NO- - 9)"' "which gOTe an 
''^S^VVM*. ,frW of - : CDNA, however' still -without .the 
i nitial Met. . Therefore, on the basis of the new sequence another 
round -or. 5 '.RACE was performed with the prtoers: seaces 
C ATCCTGAGAAACAAAAAGTGG— 3 ' , SEQ ID NO 10,, SEACE7 (5 '.-AGTTACAGA— 
C TtCAATGTACG- 3 • , SEQ ID No 11,, and 5 RACES (5 * -AATCAGGACGGTTG- 
35 CAAGCC-3-, SEQ ID NO 12) which gave an additional 400bp fragment, 
containing the initiation codon. - " 
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To obtain the *r S31 n g 3' -end of the = DMft 3. pace was perked 

!!"" S r PlimerS: 3RACEG1 '5 ' -TTATCCGACCTGAAG— 

TTTGC-3 . SEQ ID H0 . 13) , , S . - siccTacaaTIITGSftGjisc _ 3 , 

f» I" ■». 14, which resulted in a fragment about 450bp with the 
stop codon and finally the co^lete UlSbp of the cDNA for gnte 
(GenBank: AJ429143) . 

The corresponding 5788b P of the genomic sequence was obtained by 
cloning the GNTI" gene in three pieces by PC* on WT ^. pateJW 
genomic DNA with the specific primers: GNT5F (S ' -TGGGCTTTAACA- 
CAACTTTT-3 ,y SEQ ' ID . NO - 15, W GTN6R (5 ■ -GCCCTAAGCTTGATCCCTG-3 ' 
SEQ ID NO 16), GNT21F (5 • -ATGGCAGATATGGCTCGATTG-3 ■ , SEQ I D N o 
17) and SRACEG5 (5- -CTAAGATGACGACCCTTCGG-3 ' , SEQ ID NO 9) 
3RACEG1 . <5'-TTATCCGACCTGAAGTTTGC-3', SEQ ID NO 1-3) and GNT15R 
(5.-AGTTTCTATGGTATCTAACTGC-3., SEQ ID NO 18) which were 
sequenced by primer walking. 



1^2_Creatinq the k nockout construct for GNir 
To generate the knockout construct two 



fragments were 

t^T Z ^ *? ° n the .^ enomi - » with the primers for the 
--5 -end of the construct; GNTHT7 (5 ' -GAGCATCCAAGCTTGACCTGG-3 ' 

SEQ ID NO 19) and GNTET7 ( 5 » — GCACCGTGAATTCTTCTAGCTT— 3 1 , SEQ T p ' 
*0 20) and for the- 3-end correspondingly GNTHT3 (5-GGAAGAAC> 
k&GCTTCAAAGTGGC~3 ' , SEQ ID NO 21) and GNTPT3 (S ' -GATCCCTGCAGAT- ' 
-TCAAACG-3 SEQ ID NO 22). The thus obtained fragments of 469b P 
^4i," d -. 835bP ° £ g * n0 ™ ie DNA were cloned into the ro*o-p C R ■ 

SraUp ."«.*iv "v -, . • '.: "r: J ^^x^^ents . were then, cut out front- V 
^SS^W ?• ■: vec tor ., with • EcoRi/HihdlZT •' and Ps* T /nf^rrr ' 

WShW" 5r V V • • • r:-.. r na -^stl/Hindni, respectively • 

,Pm and ql ° ned into " the PCRIX vector, digested with EcoRI and Pstr "' V 
g^JJhe- resulting piasmid was digested with tfindlll and the nptxz 
^; i ^ eCti ° ft CaS3 * tte ^ introduced, which was obtained by 
.^digestion with the same restriction ensyme from the vector 
ijRTlOlneo (Girke et al. 1998) ' 

35. 
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For the transformation the -knockout piasmid was digested with 
ScoRI and BcuZ restriction enzymes and 30microgram were used for 
the transformation. 

1.3 Pre- screening of the transgenic plants; 



For the pre-screening of the resistant plants, small pieces, of 
gametophores • (l-5mg) were treated for 30 min at 45 'c in 75mM 
Tris-HCl, P H 8, containing 20 xnM (NH 4 ) 2 S0 4 and 0.1% Tween 20, and 
3mi C rolitre of this .extract was used for PCR with the following 
f?S^ PairS . 0£primerS :G1 ? T7P (5 ' -GT.TCSATGGTTTGAGCAGG-3 ' , SEQ ID 
23 r ' "and GNT8R" { 5 ' -GCGACCTTTCC^TTCTCC-3 ■ SEQ ID NO 24 ) to 
detect a disruption of the original gntr gene, Nl (S'-TACCGAC- 
AGTGGTCCCAAAG-3', SEQ ID NO 25) and N2 (5 > -CCACCATGATATTCGGCftAG- 
' SEQ ID NO 26) to detect the presence of the nptXJ cassette, 
GNT5F (5 ' — TGGGCTTTAACACAACTTTT-3 ' , SEQ ID NO 27) and N3 (5«- 
TGTCGTGCTCCACCATGTT-3-; SEQ ID NO 28) to control the Integration 
of the transgene at the 5 r end, and N4 (5 • -GTTGAGCATATAAGAAAC- 
/ SEQ ID NO 29) and GNU OR ( 5 1 -CACATTGTTCAATTTGATAGAC~3 • , SEQ 
jtD NO 30) to control the integration at the 3- end. Plants that 
gave the expected fragments in all four £>CR reactions were 
considered as putative knockouts and selected for further, 
analysis.- 
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Finally 9 transgenic plants were chosen for further molecular 
and biochemical analysis. 

L.4 Northern analysis 



35 



;'^t^^f.^^M 6late< ?.. from nosSissi^y;£raeas^kit (Qiagen, 
^^^|e^y)7-Eor^ northern analysisy^yi^ofe^-of ^otal- RNA were 
:jubfected" to-- electrophoresis ^•^for^d^yfe-agarose gels, at 
:-20V, transferred to Hybond-N nylon ' membranes' (Amersham 
niosciences), and hybridized with a ' 32 P-labeled cDNA probe 
Corresponding to 3' gntr cDNA including part of the homologous 
:> region used for the knock out and part of the cDNA not present 
*n the knockout construct. The membranes were washed four times 
t different concentrations of SSC (the final washing step being 
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Max MS) at -80"c for 2 to 3. days. 

Northern analysis with the probe (obtained' by pgr on the cdua 
wrth prtaers: 3RACEG1 (5 * -TTATCCGACCTGAAGTTTGC-3 ' , SEQ ID KO 13, 
and GNT15R (5 1 — AGTTTCTATGGTATCTAACTGC— 3 ' , SEQ ID MO „ , 

detected the correct GNTI transcript solely in the wild type 
The lack of the correct transcript in the knockout plants 
corroborates the disruption of the ge>ae in ,. pa( . an ,_ 

The ■cxpreSsion of the control g ene 1.21 was not affected in tie ' 
trans formants . " . - ■ 

1.5. Southern" analysis n * the transg enlg plant* 
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— — J K* qiAi.o 

.For Southern blot, analysis 5 microgram of genomic DMA were used 
For the detection of the n™*er of integration sites for the 
nptlX casette the genomic DMA was digested with ivurc „ hich cuts 
np«x cassette into two fragments and hybridized with the nptZX 

verT^LT 3 ^ aMlySlS Sh ° W6d ^ — >*»ts. have 

very high n™bers of integrated selection cassettes whereas 

Plant Ho. 6 has a single integration event. Plants. Mo. <, and 8 

have also a. low numb er of integrations: between 4-5 per plant. 

In a second Southern analysis, genonic DMA was digested with 
*co M and hybridised with gntr probe located on the 3- end of 
the gene, out of the region which was used for creating the 
S^^»iSi2SlW -Pecte^that .transgenic 

Wm^^" ^ ^ W Se 5, of , 
1 S ^iS^gigS"*} • W have single:: signal at, ,500b* 
Whereas transgenic plants have the bands of eooobp or other but ' ' 

3o not contain the WT hanH • ,,. 

- . W1 * and ' confirming disruption of the WT 

Locus* m . - - • • 
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1-6 MftLDI-Toy ma ss spectrometry 

The N-glycahs of Physcomitrelia patens WT exhibit the typical 
structural features of plant N-glycans as described in e g 
Wilson et al. (2001) Glycobiology 11, 261-274). I.e. fucbse in 
alpha 1,3-linkage to the Asn-bound GlcNAc, xylose in. beta 1,2.- 
linkage to the beta mannosyl reidue, Lewis A epitopes (alpha 
1,4-fucosyl and beta 1, 3-galactosyl residues linked to GlcNAc). 
.as non reducing terminal elements (tab. 1). Three GNTi knockout 
.Plants were analysed. The N-glycans of GNTI knockout plants 
• f ^ite.d - the . Wtuxes ; compared to WT (tab... 1). confirming. 

,;that the knockout; was only successful on : the molecular but "not 
oa the biochemical level. Therefore, it is assumed that another: 
GNTI exists in Physcomitrella patens- 



Cloning of the aloha 1,3-fucosyltransferafi* 



and anal ysis of the knockout plants 



from P. patens 



2.1. Cloning of the cDNAand g enomic DNA for' alp ha i 



fucosvit ransf erase (alpha 1,3-FT) 



Part of the cDNA for the alpha 1,3-FT was obtained by performing 
two rounds of , PGR .with degenerated primers on the cDNA from P 
patens WT. These primers were created on . the basi* of a protein 
alignment of the known, alpha 1,3-FXs from Vigna radiafca and * 
Axahldopsls thaliana, m the first round primers FD4F (5 '- 
TGGGCNGARTAYGAVATGATG-3', SEQ ID NO 31) and PDR1 "( 5 * -TGNGTNA— 
RNCCNADNGGRTADAT— 3 ' , SEQ Id NO 32) were used and then the 

■•^^SJg^^*^ to a subseguent .PCR.with. theJr 
r^^-S^ (5i-T<ai^ilGCNGCCATkTC-3«; " SEQ^WEf^ 
The; second-PGR - reciting;; in Va.Tsiobp' product which W." cloned^ 
nto pCR 4 TOPO and; sequenced from both ends. 



was performed 



To obtain the missing 5»-end of the cDNA, 5- RACE 

"ith the primers; 5FT4 (5 ' -GTAACATTCGCATAATGG-3 * , SEQ ID NO 34). , 
!iET5 (5'-CGATCATTATGCGCACCAC-3», SEQ ID NO 35), and 5FT6 
35 (fGAAATAAAAGCAGCTCC-3., SEQ ID NO 36) which' gave an additional 
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on l l • " Sti " " itllOUt "» iKitial ^fore, 

on the base of the new sequence a second round of ». M ^ 

performed with the primers: 5 FT7 (5 ' "AGGGTGAATCTCCATAGCC— 3 • SEQ 
» NO 37), 5ET8 (S-CATCTGCCTGACCCTCACC-S-, SEQ ID NO 38. and 

addxtronal 1S 0bp fragment Hut still without the Initiation 
codon. finally, a third found was petfood with the primers- 
!s ™" (5 - CGAMCftacc ^^-3-/ 3 E0 id no 40,. a» d sml 

,« -CTTCTCTAGCCAXTCTGC0-3V SEQ ID -Mo' 4 1, waich ga v= an. 

additional 400bp of seonenoe. containing the initiation- oodon 
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TO obtain mrssing 3- -end or the cDSA 3- RACE was pexfomed 
correspondingly with the priors: 3FT1 { 5 ' -GCAGTGGAAGTTTAATGGTC— 
. SEQ ID „o 42) and 3PT2 (S * ~TCGTT.TCTAGCTCTAGTAGAC-3 * , SEQ ID 
»Q 43, which -resulted in a fragment of about SSObp with the stop 
oodon and finally the collate 17Ubp of the cDSA for the alpha 
1,3-FT (GenBank: partial cDNA: AJ42914S) : ' 

The corresponding 3083bp of the genoauc sequence was obtained by 
clonxng the alpha 1.3-ET gene i* .three pieces by PC* from J 

DMft ^ ^fic prWra: *TA9r if- 

ATGCTCCCAGCCCAAGAC-3.. SEQ " lb SO 44)" "and FTA10R (5 1 -TGTCTACT- " 
AGAGCTAGAAACG-3 • , SEQ ID - «o ' «, ™, „ - ".1CTACT 

; ' SEQ ID », «), HUr <5'-TAGGGAGTAAATATG- . . 

AAGGG-3 SEQ ID NO 46) and 5ET5 (5 • -CGATCATTATGCGCACCAC-3 • SEQ 
ID NO 35), 3FT1 (5 T -GCAGTGGAAGTTTAATGGTC-3 'V SEQ ID NO 42,' and 
ETA12* ( 5 ' "TACTTCCAATTGAAGACAAGG— 3 * , SEQ ID NO 47, which wet 
sequenced by primer, walking:. 
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^-^eatxng the knocko,,1 -->nn,tru C l:^ t ! > ^^ ha j^.^ ..^ . 

To ^create the knockout' cons toct "''i^FaV^'- V*. • " 

•v T- ^.,i.; - • -* a h xu =5' . °>- RfV O n the genomic DMA was V 

S-:;. :f ,- ,»erfor»ed with the primers r HisE (5*-AATGTTCTGTGCCATGCG-3 ' , SEQ ' " 

., r ,.^»o 48, and rria, (S.-tWcaaatgggctaggg^. seq id no 49,. 

, ... «- obtained 21 S6 bp rragment was. cloned into the pCK4 TOPO 

35 ^T n ' vector. The *tlr cassette was synthesized by 

IgL? e^ Pr ° 0£ tMdln9 W»« on the p OT101 neo plasmid 
— e ec ai. 1998, with the primers: nptll/Ndel-E (5 ._ 
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^.^•the-'tran 3 "foWtion ;f of P. • patlns^resuitiiig the knockout- 
construct was' digested with. Wotl and Mssl restriction enzymes 
and 25 microgram were used for transformation. 
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ATGC.CATATGGCATGCCTGCAGGTCAAC-3 ■ , SEQ ID • NO 50) to generate • a 
Afcfel restriction site and nptII/BstZ17I-R <5'-GCATGTATACGCAT- 
GCCTGCAGGTCACTG-3', SEQ ID NO 51) to generate a Bst217l site. 
The PGR product was also cloned into p C R4 TOPO (Invitrogen, 
USA). Both plasmids were digested with 2\JtfeI and BstZ17i 
restriction enzymes. By this restriction a 195bp fragment 
•containing a part of the fourth intron and a part of " the fifth 
exon was cut out from the alpha 1, 3-FT . genomic fragment and 
replaced by the nptJX. cassette. 



2.3. Pre-screeningr of the transgenic p lants 



S r .. the P re - Sciie ening of the resistant plants, small pieces of 
gametpphores (l~5mg). were treated for ^30 min at 4S!>C in 75mM ' 
Tris-HCl, P H -8 containing 20 mM (NH^SO* and 0.1% Tween 20 r and '. 
3 microlitre of this extract/was used for PCR with the following ' 
four pairs of primers : FT14F { 5 ' -ACAAAGTTACATACTCGCG— 3 * , SEQ Id ' ] 
NO 52) and FTA12R ( 5 * rTACTTCCAATTGAAGACAAGG-3 ' , SEQ id NO 47) to '' 
detect a disruption of the original " f^gene, Nl ( 5 ' -TACCGACAG- 
TGGTCCCAAAG— 3 * * SEQ ID NO 25); and ^N2" ' % { 5 ' -CCACCATGATATTCGGCAAG- 
3% SEQ ID NO 26) to detect the presence of the nptXT cassette, 
FT14P. (S'-ACAAAGTTACATACTCGCG^', SEQ ID NO 52) and N3 (5'- 
TGTCGTGCTCCACCATGTT-3', SEQ ID NO 28) to control the integration 
°t-:.^*i**^ 3 2?** . at the S ' end ' FTA12R , ( 5 ' — TACTTCCAATTGAAr- 

S^SSg^SsS?,-!? m:*™* m-I^^^tat^g^c-^ , SEQ 

^^^/••^t^l Vthe ,integratiotf,^.th^: : 3 . end. " Plants that 
l^^th^Ve^ected. fragments by all- ^ur^PCR reactions were 
considered.- as putative knockouts and selected for 



analysis > ' 
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further 



Finally 9 plants were chosen for further molecular and 
Diochemical analysis.. 
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2-4, RT-PCR 

Total - SN* was isolated rrom noas c . asue by ( 

Germany, . Revere transcription pcr was . performs according to 
standard protocol. For the W-PCK primeirs p,.^ (5 ,_ ArGCTCCC . 

AGOqCAAGAC^, SEQ ID HO 44, and ETA10R (5 ' -TGTCTACTAGAGCTAGA- 
AACG-3-, SEe I D H0 45) located ln ^ omtr>i reg . on ^ 

for alpha 1,3-FT were nsed . Ds4ng these ^ • _ 

transcript was detected only in the wi whereas ^ transgenic 
plants did not give any PC* products. The absence or the 

; t|l Ct .^, trapS<: ^ pt J*?!'*- P^rsjlocated on . both sides or 
integrated nptl! cassette 'confirms that all plants analysed arc 
knockouts. "' . 

As a control PT-PCP was performed with primers for M s reductase 
Koprivova et al. <2002> .7. Biol. chem. 277, 32195-32201, : R10 
(S -TCTTTCACTATTCGGTGACG-3 ' , SEQ ID BO 53) and Rll , S : 
CGACCAC^TT^c-3.. SE0 ID NO 54) , which a^li fled , 900bp .>, 
fragment, from all plants. •; "" 



2.5 MM.DI -T0F mass spectrometry 
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The N-glycans ^ Physcoaitreila patMS „ eJch . bit 
structural; -features df plant N-glycans as described in e g 
Wilson et. al^,2001), supra, i.e. fucose in alpha i, ^ ' ^ 
the Asn-boond GlcHAc, xylose in beta 1,2-llnkage to the beta 
mannosyl reidue. Lewis A epitopes (alpha 1,4-fucosyi and beta 
1,3-galactosyl r esidues linked to GlcHAc, as non reducing 
^^^^^ts^tab. !,. Ihree ^ 1>3 „ teocIcout plMts 

bound ^^\could . be ^detected on the »-giycans"or^alpha O W 
noctout plants <tabV ,., confirming that the Vnociout of alpna 
1,3 fucosyltransferase in Physcomitrella patens was completely 
successful. * 
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M^gl^i ny of the alpha 1,3- f ucosyltran^ase flanking 
fromj*. patens and construction of the knocjcout constructs 



to the alpha l , 3-- 



2A.1. Cloning of flanking DM A correspo nding 
fucosyl t ransferase (alpha 1,3-FT) g e_n». 

The 3 '-flanking DNA corresponding to the alpha 1, 3-f ucosyltrans^- 
. ferase gene of Physcomitrella patens was amplified by PCR from 
genomic DMA using primer MoB5S8 (5 ' "GTTCCGCGGTGATCCCGTTTTCATATCA— 
C3TGTATT— 3 ' t seq id no 84 > containing a sacll restriction "site ' 

SEQ ID NO' "85) Containing '"" a SnaBI^ and a Sa cl. site. The PCR * 
product (5'- GTTCCGCGGtGATCCCGTTTTCATATCAGTGTATTATCATCAGTGACTGC- ' 
ATATTGACACCCAATTCTGATGATTTTTTATTTTTTATTTTTTATTTTTTTTGGTATGGTTACA : 
TGCTTTTCAGAGGTTTCTATGCCGCTGAGTATTTTCCTGAATCGCGAGGTGTGACAGGTTATCT " 
(MGCCGTCCACCCAATATTTTATGATGAGTCGATGATTCGTGAGACTAATCTAGCTTAACCTTT 

TTCTTACTGGCAAGTCAAAATTGAGTTTAAAATATTTCAGTATCCTGTTAGTAATTTCAGACAC 
ATGTATTCTATGTCTCATACTCTTTACOT '• ~. " 

GTAGAICaCTGTTTTAGCGCATACAAAGACAATTGTC^AAATATTT^ ■ 

TATTATAAGATAGAAGTCAATATGTTTTTTTGTTATGCACATGACTTGAATAAAATAAATTTTT " - " 

TTGIETAGATTTAAATACTTTTTGAATTATAGCt'TTGTTGAAATTAAGGAATTTATATTCATAAG 

AAGCTACTCGAACAAATTTACAAAGAGAAC^TTrGATAAGTAAAAGTAATTAAAAGTTTTTTTr ^ 
AATTTAAAAAGATTAATTTTTATTAATAAGAAGAACTTGGAA^^^^ ■ !:? 

aaaaattaagaaaacaaggcaaaactttaatttacaaatacttaatgtagattaattttcttat " - 

TATATATTAGCACAAATTATCATTArGTGATATTTTATGTTATTGrTACGTAGAGCTCAAA - ' 
3 V SEQ ID NO 85) was digested with. Sad and Sacii and cloned 
into the plasmid pBS < <7acI/SacII digested) . 

^V-flanW 

.,-30 ..jenomxc DNA using-. Primer^ M 6B555^S ^CGCGTTAACTCTCTCTATCTCTC- 
rCTGTGTTGCG— 3 1 , SEQ ID NO'" 87) containing : . a SincII restriction 
■ ixte and primer MoBSSS {5;-CGAGAATTCTCACTTAGAAGAAGCCCAATCCT-3 • 
<»Q ID NO 88) containing an >coRI site. The pcr product ' (5- 
CGCGTTAACTCTCTCTATCTCTCTCTGTGTTGCGTTTGATCAGGGGTTTTAGGGTTTGGGTCCA 
(pGGTTCCGAGGAGTATCGTCACGTGTATTGCGGTCTTGTTGGAGATTCCTCAGTTSTGCATGTA 
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ATTGTGTTGCAATTTCTGAACTAGGTACTGTTGAATTGTAGATTC3CCTTCAAGTAGCTCTCGAT 

tatgaatatatggtgtcgaattacattctgtctcgaatccatgcgccctttctgcacgaacgtt 

CGTTTCATGGTTTTATACTTGTCATTTA^^^ 

P ^^^^^S^^TGGGCTTCTTCTAAGTGAGAATTCTCG -3., SEQ ' ID 

alpha .. 1,3-fucosyltransf erase gene of P AyscolBitrelJa pate „ s 
(HincII/EcoRT digested).. ... Patens 
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olntT" to ° CkOUt '~*t. agression caasetie 

l2ft&V' -,iv"" '- . ? coding sequence. rbr;GFP -and the nos 

terminator (Kieasli^ et al. (20 00, J, <*U B iol. l 51 , 945 " 

citron o f pFtsZl (1-93) -GFp wlth siadIII ^ ^ * 
into ffindln/iv.„»T cronuig 



ration -HitiT W •:• To 

■he A inearr S ed DNA oontaining tfce 3-ttan.ing DMA corresponding. 
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•to the -alpha 1,3-fucosyltransf erase gene of Physcomitrella 
pate/is, -TPftsZGFP fusion gene under the control of the 35 S 
promoter and the nos ; terminator and the 5' -flanking • DNA 
corresponding to the alpha 1,3-fucosyl transferase gene of 
Physcomitrella patens. This linearised plasmid was used for the 
knockout of the alpha • 1,3-fucosyltransf erase. gene of 
Physcomitrella patens. 

2A. 3. Generating plants with a l pha 1,3 fucosyltransf erase and: 
beta 1/2 xvlosyi transf erase ^kn ockouts ■ • ..„._<-. 

For generating plants' without' alpha 1,3-fucosyl " and beta' 1,2.- 
xylosyi residues protoplasts derived of Physcomitrella patens 
prptonema were transformed with the constructs described in 
chapters 2ft. and 3. Transformation could be performed 
subsequently as well as co-transformation with both constructs. ' 
In this, case the knockout of ... the alpha 1, 3- fucosyltransf erase : 
gene was performed, not only , by. a' gene disruption but by a gene , 
replacement. As an additional selection marker in the . subsequent •. 
transformation procedure " a plasmid containing the gene 'i 
responsible for hygromycin resistance (pCambial305j was used for •> 
cotransformatibn, • . ' ,. ..\ - 



2A.4 M& I.DI-TOF mass spectrometry 



The N-glycans of Physcomitrella patens WT exhibit the typical 
structural features of plant N-glycans as described in e.g.. 



the..; !Asri 



g nrios yf /.^ and' bet'^S 

L,3-galactosyl . residues linked ' ; : t o GlcNAc) as non reducing ' 
terminal elements (Tab. 1) . One transgenic plant was analysed.. 
Jo alpha- 1,3 fucosyl residues linked to the Asn-bound GlcNAc nor 
beta- 1,2-xylosyl residues could be detected on the N-glycans of 
i:hese plants. 



9A/£>-S t>T0£9SS X3L GtH- 



60: ST £002-1X0-2.0 



a • • -v.'- 



15 



20 



25 



V*3«fe8s 



analyst of t„. j M * t "* ft ™ P PV™-jaA 

3^_ Clonin, og the rn.m a^ ^^ t ,J 
transferase (beta 1,2 XT1 : xyxosy 7,--. 

Parf of the cDNA for the beta i -5 vn. 

• 1/2-XT was obtained by performino- 

two rounds of PC* with degenerated ptWs m the j£ fr ™7. 

P«en, ». These priors. „ere ereated on the hasis of a 
al^ent o £ the Known beta!, 2 - XTs froM the 

round nr mo^ vncr , c , ™ " e rirst 



^:".L n ,. \, • — - ' au.no 56) were used 

«u o/J and XDR1. The second PCR cave a giokv. 

, . gave a 610bp product which was 

cioned into pCR 4 TOPO (Invitroaen nsai ^ 

en d s .. itrogen, »SA) and sequenced from both 



To obtain the missing 5 '-end of the cDNa 5- rac*- 

s^ssrrr^ * « ? 591 and 5x13 <s - 

360bo of ^m," W I D -H0 83) whl ch gave an additional 

I^LS o?~' sti11 " ithout - 6 ^ 

; Prurers. 5XT4 (5 ' -CTTCCTTCflCCACacTAC-3 • spo 

1* » 60,, 5XTS (5 ' "TAGCATGACTGTGTGGCC— 3 ! , SE Q 1D ™ fil 

OSi^ fW. fining the initiatLToL! 



:orrespondingly with' the primers- jm^^^--^^ 
> v " 'ssio in V„ " 3XT1-; (5 "GCCTTTCTTGCAfcGGGTTG- 

. , .«8 ID BO 63) and 3XT2 (5 1 -GGACATTCCAAATAATCCC— 3 ^ SEQ ID H0 
' 1 d ' " ""^ in a fragment « about s«,np „i4 the st!p 
. . odon and xinallv the co^Xete 2 300bp or the J A foc £ l 2 
(GenBanJc: 1788 bp corr es « ftn ^« «- ' 
35 ^29144, . The 23 88 bn Z^ 0 ^ t0 the «d£hg region: AJ 
*J- xne 2388bp of the genomic sequence wa , , : 

Zoning the beta l /2 -XT gene in obtained by 

xt gene in three pxeces by pgr on WT p. 
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patent genomic DNA with the specific priors: XT14F < 5 ._ 
TTACGAAGCACACCATGC-3', SEQ ID NO 82) and XT15R (5 * — GTCCTGTTAA— 
ATGCCTTGG— 3 ' , SEQ ID NO 65) , XT-M1F ( 5 ' "AGGTTGAGCAATCATATGGC-3 ' 
SEQ ID NO 66) and 5XT2, 3XT1 and XTUR . (5 ■ -ATCCCAGAAATATCTGATCC- 
3», SEQ id NO 67) which were sequenced by primer walking. " 

3.2. Creating the knocfcout construct for beta 1,2-xr 
To create the knockout construct ." PGR on the genomic DNA was 
perf ormed with the primers:. XT12F . (5 '-TGTGAGGCGTTCTTTGGC— 3 * , seq 
;iD NO 68)/ and XTllR. ..(5^^TCCCAGAAATATCTGATCC-3 ' , ■ SEQ ID NO 67) 
The :: thus .obtained,^gment' or "20 6 6i,p ^fragment -was- cloned into". 
PCR4 TOPO vector (Tnvitrogeri; nSA) The nptlX cassette was- 
synthesized by PGR on. the pRTlOlneo plasmid (Girke et al. 1998) 
by proof reading polymerase with the primers: nptll/Sall-E (5-- 
ATGCGTCGACGTCAACATGGTGGAGCACG-3.. SEQ ID NO 69) for creating 
Sail restriction site , and • nptir/NdeX~R (5 • -GCATCATATGTCACTGGAT- 
TTTGGTTTTAGG-3 " , SEQ TD> 0 ^O) ^for^riatihg ^el. site. Tie PCJi . * 
product was also cloned .into- p 6r 4 . .topo » : ( Invitrogen, " USA) "Both ' 
Plasmids were digested* with Ndel and Sail restriction enzymes 
From the plasmid with: genomic DNA a 380bp. fragment containing : 
part of the second • exon and part of - the . second intron- was ^cut-^ 
out, and replaced 'by^th/^frj^^ - ',' 



For the transformation, of p. pat&RS the resulting knockout 
construct was digested with ATotl and Spel restriction enzymes 
and 25 microgram* were" used for trahsf ormation - 
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Si*;" V ■"••■» " r ^^^^^^^^ LaX ^ 3 ' -^11 Pieces of : ^:r 

r^srliCl, pii 8 containing 20 mtf • (nh 4 j 2 S0< and 0.1% Tween 20 and ' 
3 microlitre of this; extract was Wed for PGR w±th the following 
Four pairs of • primers : XT-MlF (5 •IaGGTTGAGCAATCATATGGC-3 ' , SEQ 
n> NO 66) and XT13R (5 '~ACGATCCAAAATCTGGACGC-3 ' , SEQ ID NO 71) 
•:o detect a disruption of the original, xt gene," K r (5 -_ 
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TAC CGftCMTGGXCCCAAAG _ 3 ., SEQ ID NO 25 ) and B2 (S ,. CCACCATG 

. ATATTCGGCAAG-3 ' , SEQ ID HO 26, to detect " th. 
.„„ , cetect the presence of tie 

sptrr cassette, xt- m1 f (5 '"Aggttgagcaatcatatggc— 3 • seo id 

"i z N3 < 5 -~— « - ho 

the rntegratron o f the transgene at the V end, XT13F. (S .- 
ACGATCCAAAATCTGGACGC— 3 * , SEQ ID NO 71, . and m (5 • -GTTGAGCATA- 
TAAGAAAC-3', SEQ ID NO 291 xr.* +~ . , „. * 
,, „" ° contro1 «*• integration at the 

3.,and.. Plant, that gave the expected fragments in all fo „r PGR 
reaction, were -considered a. Wive Wocfcouts and selected ror 
rurther . analysis. ...... 



wv i 3?5r 



FlnSily S plants " were chosen for" turthe.r .olecular • end 
biochemical analysis.. 

3.4-. RT-PCR 
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Germany,. Reverse transcription. POP. was parked according to 
standard protocol,;, ror th. rx-pcr priors .xii« <S-TTAc G AA- 
GCACACCAXGC-3., SEQ ID H0 «, and XT 1 5R .S-GXCCtJ^^. 

I ' " "° ^ t8d ln "e antral region o £ cD»A tor oeta 

tnef' m ^ ^ 0f ^ " cassette.-.vere used, using 

those prr^ers a ;? gqbp transcript was detected only in the Wx 
wheteas ; all transgenic plants did- not give any. PC* products. Th. 
absence of the transcript with the prWs iocated on both sides 
of. the integrated . nptli cassette confirm that / all plMt s 
analysed are knockouts. pj-ants 
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-^«K^r:^ v.^^. rr.^/£^?:^r.-;- ■■ v.:™ — ^^uc^s -ror aps . reductase 

fc^^JP' 021 ' 3UP "' : '" M ° '^•^-CACrATXCGGTG.ca- 
J,V«0-» ,»0 ; =3,.and Rll (S-CGSOCACMCMTAGATCC-3-. SEQ I DH0 

=4).,. which a^litted a soobp & ag m ent f ron all plants. 
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3>5 MALDi— tof ma ss spectrometry 



The N-gly Cans of PhyscQmitrella patens m ^ 

• structural features of plant N-glycans as described In ■ e g 

; a 7 et (2001) ' 3Up ->* *>cose in alpha 1, 3-linkage 

to the Asn-bound GlcMAc, xylose in beta 1,2-linkage to the beta 
»anno sy l reidue, Lewis A epitopes (alpha 1,4-fucosyl and • beta 
1,3-galactosyl residues linked to GlcNAc, as non reducing 
^erxoinal elements (tab. 1)1 Three beta .1,2 XT knockout plants 
•were analysed.. No beta 1,2 xylosyl, residues linked to the beta- 

*?" ■ k * ocKout P^nts • ( tab: :-l) 7 conf irxnihg. that ' the knockout of beia ^ 
1,2 xylosyltransf erase in Bhyscomit^U* , patens was completely " 
successful. . 



4. Cl<ming of the cDNA. for human beta-i:4- ^ i actoSY l ^ anq ^_ , 

■^^A^^*^^b^"toa used for isolation 
or beta 1, 4-galactbsyltranWf erase, (GalT, GenBank: X55415) cDWA - 
By using 5' primer VffalTXh-F (5 »- TTCTCGAGACAATGAGGCTTCGGG- 
AGCCGCTC -3., SEQ ID. »o 72) .containing a Xto I restriction site' 

, 3 ' . : pr ^ v:, 

MtoVip »0-73) containi^^ ^restriction site for PC* w ith~ 
Elongase enzyme mix (invitrogen, USA) '«; a* • 1 . 2 kb DNA fragment was 
amplified. The ii; 2 ; kb fragment was ~ cloned, into pCR4-TOBO 
(Invitrogen, USA) . The • fragment • was cut out from this vector 
with *ho I and Xba r and cloned into pRTlOl (Topfer et al 
■L 1 -??-?).., 15, ; -5890). ..digested with Xhn T aT ,w v> , t mL 

• &^^^01^^^§l^^e* cDNA .of human >b%^ 
and^caMV terminator^ - '."ff.-rf / .prom^rer: ? .. 



..'fl 



..erase and integration of hnn a n beta i.^ , T . ^ , 1 , M _n J _ L ; 

re geWc DNA. or P^coaitreila pa teM a 1;s6 tt fragnent of 
.*e beta 1. 2-Hyloayltransferase gene was amplified bv uslB „ 
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pri^ r XTB .p (5 ,_ IIG ^ TCCTCMIIAcGMscacAcoaiGc _ 3 ^ ^ 
SSQ ID „o 75>. both primes introduced Sam HI restriction sltes 

The W i i£ication product Has cloned into pCR4 (Invitrogen ; 

' »• **ta 1.2-Kylosyltraneferase gene fragment 

contained a single Hlnd X1I restriction site. r„ this m „d 1XI 
restriction site the cDNA of beta 

^er the control of CaKV 35S propter and CaMV terminator was • 
introduced, by „ ligation,. resulting..,!^ the plas^d pc^-xtko- 

* a ^!»*S»i-« Ban Hi resulted in a- 
fragment .-which- contained the dm^iFbeta 1, 4-galactosyl- 
transfer.se under the control of CaMV 3SS promoter " and CaMy 
terror flankea 5- and 3- by sequences homolog to. the. beta 
1.2-*ylosyltranaf erase gene of Physcomitrella patens. This 
fragment was used for knock out experiments. 
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For-ECR ^analyses genomic DMA isolated from the putative knockout 
Plants was used. The primers MoB 521 (5 • -TTGCCGCTATCTACTTGT- 

iolF r ; ° "° ?7) the seguences 

thPbS ^T 8 — ^^VXosyltransferase on both . sides of 
the. beta 1. 4-galactosyltransferase cassette. A fragment of 339 
^corresponding to the expected . beta 1,2-xylosyltransferase 
seguence was amplified frpm w. r M knockout plants a. 2.1 kbp 
transfer' C °" eSP ° ndin * ^ produced beta 1. ,-galactosyl- 

e^ec^^onfirmi^^ the, knockout^bi^l^Syie 
^ans f er^ ; as well as , the integration , of Wbeta iVe-galcto- - 
3yl transferase cassette. . >• • • • •■ < 



.).2 MftLDi-TQF mass spectrometry 



,tr e uct7ra7T f '*™-"- U * «~ « the typical 

..tructural features of plant N -gl yC ans as described in e.g. 
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■U— et al. ,2001,, supra, r.e. fucose ln alpha ^.^^ 
the Asn-bound GlcSAc, xylose i„ beta 1,2-linkage to the beta 
mannosyl reidae. Lewis A epitopes (alpha 1,4-fucosyl and beta' 
1,3-galactosyl residues linked to GlcHAc) as nen reducing 
terminal elements (tab'. 1), Three beta 1,2 XT knockout, beta 
1.4 GT integration plants were analysed. No beta 1,2 xylosyl 
residues linked to the beta-mannosyl residue could be detected, 
on the H-glycans of these plants. The peak at 223S round in fine 

SSgt&S*. -tivity or the" . 
.human beta. 1;4 9^ct^l^i^^^cimit^XU P-tensl £2 

. 6- Creating the knockout construct ro r >i r ha i. 3 -l-h^T»...l ' 
ferase and inten tio n of humaTheta 1 . 4-^, — v l-mJ f „,„ 
From genomic DNA of Physcomitrella ^tens a. 2.66 kb fragment- of 
the alpha 1,3-rucosyWranafer.si : g&^- amplified by using' . 

prrmer ftb-f (5 •-taggatccagatgaxgtctgcicggcagaatgg-3 • , seq nj V - 

78) and primer FTB-ft (S ' -CTGGATCCTIGTAGATCCGAAGGTCTGAGTTCC-3 • ' • 
SEQ ID HO 7 9 >, both primers introduced Sam HI restriction sites' ' 
The amplification product was cloned into p c R 4-iopo (Invitrogen, \ 

l*L- ^ S 1 ™* ^ ' i-3-fucosyItransferase gene fragment^ 
contained two Hind III *?*<zt"-r-i A^,^ a. • 

J~ci . restriction;- sites, m these Hind- irr." - ; 
restriction - sites the cDN&* o£ beta 

under the control of CaMV 35S promoter and CaMV terminator was 
introduce, by Ration, resulting In . the p lasmi , pCR4 -* Tko - 
SalTW.. Digestion of Wmojd^ ^h Sajn hx resulted in' a 
fragment /which contained i^th^cDNAlro^^^ i k v. 

••^-••T'" --- .^-^S^^^^feS^ • Vf-galactosyl trans.- 

ferase . . under" the: ' • oonfic6l^*of^^i^"3?*«- . " ' :.v-— *<v^ 

/ - " *'»*■•' » i-"-%;*°*^ C -^V.v3SS promoter- and CaMV' ? 

terminator flanked"' ' 5 ^n^t^'JSf* 1 ' ""'•v'' ' • •* "-'-».- 

l • * • ••'r. and :#-a^1 e ^ u f nceff homolog to the beta • 

la3-fuco S yl tra n Sf erase ; .gene:: of^hy^itreila patens ' 
fragment was used for knock' >ut Vxperiments... 
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.L1PCR 



for PCK analyses genomic DNA isolated fro. the putative knockout 
Plants was used. The primers MoB 435 (5 • "TCCTACCTGCGGAGCAACAGA— 
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r r id no wMe iocated ° n ^ -™ -» **» « 

to the alpha 1. 3-fucosyltransferase on both sides of the beta 
1,4-galactosyltransferase cassette. A fragment of 2. kbp corres- 
ponding to the ejected alpha 1. 3-fucosyltransferase . sequence 
MS a °P lifi " 1 "I- From, knockout plants a 2.8 kbp fragment 

corresponding to the introduced beta 1. 4-galactosyltrahaf erase 

^cassette was amplified and no 2, kbp figment could be detected. 

■^onfxrmrng .the knockout of alpha' l, ilfucoeVltra^f erase ' as well' 

6.1 MaiDl -TQF mass spectrometry 



The H-glycans of Physcomitre.Ua patens WT exhibit the typical 
structural .features of plant H-glycans as described in e a 
f^° n :, et -1; «00x), supra,' lie. fucose ik.alpha 1,3-linkage to 
the Asn-bound GlcHAc, xylose in beta 1,2-linkage to' the beta 
mannosyl reidue, Lewis A epitopes - (alpha 1,4-fucosyl and beta 
^-galactosyl, "^ues . linked to GlcNAc) as non reducing 
terminal elements ^tab : 1, . Three alpha i<3 .. „ ■ bMdkmtt; ^ 
i>4, GT; integratijr, plants were analysed, ^o alpha 1,3 fucosyl 
residues. linked toV the Asn-bound Glc»Ac could be detected on the 
»-glycans of these plants/ The peak at 2235 found in wr 
describing the (GF) ,Gr )XF structure was shifted in the H-glycan 
pattern of the transgenic plants confirming, the activity of the 

human HaI-^ i a , _ * c 




For generating pla„ ts „ ithout alpha 1<3 . fucosyl ^ beta ± ^ 
.ylosyl residues end with beta 1,4 linked galactosyl residues 

rl°f ' d " iVed ° f P "^^ Protonema were 

..ransformed with the constructs described in chapter 5 and * 
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Transformation could be performed subsequently as well as co- 
transformation with both constructs- 

7.1 PCR , ' " ; 1 

For PGR analyses same procedures as described in 5.1 and S.i 
were performed.. 

-\ l u ■ " • * ' * * 

7.2 MALDX-TQF mass spectrometry^ 

"-s r £Mdt^aI v "featiirVs': oVTplMt: N^giycans' as described in " e.gC 
Wilsbn. et al. {2001) # supra. I.e. fucose in alpha 1, 3-linkage to 
the Asn-bound GlcNAc,. xylose in beta 1,2-linkage to the beta 
mannosyl reidue, Lewis A . epitopes (alpha 1,4-fucosyl and beta 
1.3-galactOSyl residues .. linked to , GlcNAc) as . non reducing. 
^f^^T^ £«»ta V- -;. k lV^'«irie :\ transgenic- plants W»v 
;?§ alyS _ d '- Mo .^P ha - 1.3'"^cosylV r esiduea linked to the Asn-bound/. 
GlcNAc nor beta 1, 2-xylosyl residues could be detected on the^N-.' 
grlycans of these, plants : The peak at 2235 found in WT dascribing * 
lt^. tG ?M^ inass peak of 1665 in the • 

.^L^ aiX : ^^^y^qerlc- plants confirming -the ^ 

^W$*- : '° £ > e ^nj^bdra- a, 4 v galactosyltransferase Tin'.' • 
Physa6ml trella/patens . as welBas the loss of 1,3 linked fucosyl 
and 1,2 linked, xylosyl residues. 



8 ?l Purification an d:, an al y sis of ... recombin an t human vbbfu Uv. : ..." 
lj — . * • ~- . r - - ■ * v* « *- -.v v^^w"^.^ * : « .> ••- r - - - ■ r - 



e xj^ ecj^ t ranslen^lf ^^n^r^^^^^ r ^^ protoolast^ ^S 

^Zl** tS ~ d * ri ^ Physcomtrella:;^?^ 
Plants^ containing human! beta 1^ /'galactosyltransferasen and no' ^ 
alpha ; 1,3 f ucoslytransf erase nor ". beta ; 1,2 xylosyltransf erase ; : 
(7-2) were transformed with pRTlOlTPVEGP C3 . Expressed VBGF^ ' • - 

secreted into the medium. After two, three and four days the 
culture medium was collected . and replaced by fresh medium, 
samples we re filtered through a' 0.22 microm Millex GP filter 
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u-t (Killipore,. Recombinant Vs GFlsl waa purified 
(Axtaesplorer loo, Amersham Biosciences, Germany) usin * sp _ 
Setose column (Amersham Biosciences, Germany, . Elut±on Mas 
performed with sodium chloride in 25 m« Ma-acetate, P H 5 0 
Eluted factions were concentrated by centrifugal using 
Amxcon oltra filter devices, cut off 10.000 (Millipore) 



mi?"?*- l0adl,>9 tU " er the sables, proteins were 

r >; S ^^ 1 - ated -.° n SM/ ^ ™ ta ^;.i5.« acrylamide and o.4 * 
: ^wgAx* pisacrylaiiiide... Gels were •sfaTnAH^Vk' /-- . %:* * - 
^■-'MfesO- "vEGFlai b „ ' ^ lned ^ 1 * h Coomassie Brilliant Blue -. 

.., ; .. I.» -SO. VEGF121 band was excised from coomassie stained sds/pase 

land jested with sequencing grade trypsin. The gleans were " 
.- released by treatment with peptide: H-glycosidase A and analysed 
by MALDI-TO* mass spectrometry on a DyaAMO (Thermo BioAnalys t s. 
15 Santa Fe, NM) . . 



. . ..^ Detected S -gly can pattern - of secreted recombinant VEGFx2i was 
similar to. that observed in transgenic GalT (with taoc.outs of 

" " ' ** e 7 - 2) Pl3ntS activity of the 

'^fe ' 't 9alaCtOSyltra » Sfe «^:.^.»^^ia patens as . 

:.^*6p * ** e 1035 ° f 1,3 linked ftcosyi. and £.2 Wed xylosyi-' 1 
. ATfniSg- [residues. :. . . Jtyxo "*' 1 



The following Ta b. 1 ^ the 

slwfcS^" Pi r nS . "*L : Plants, N- 

./under same 
:= fucosyl 

^Msidue.- M , « =.-hosyl.:re S id^^^ y fts^f : 
. - £ewis- a formation.. a 
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SEQUENCE LISTING* 

<11Q> greenovation Biotech GmbH 

<120> Improvements in or relating to protein production 

<130> Protein Production Method 

<14Q> 1041 II 
<141> 2003-10-07 

<16d> 89 

<170> Patentln Ver. 2.1 

<210> 1 
<211t> 36 
<212> DNA 

<213> Artificial Sequence 

<223> Description of Artificial Sequence: Prizaer sequence MoB323 
atactcgagg aagatgaact tttctgcctg tcttgg 

<210> 2 \ 
<211> 26 
<212> DNA * 

<T213> Artificial Sequence 

3o£ ? 9CriPti ° n ° f ^tificial Sequence: Primer sequence MoB349 

ctgccatggg tgcagcctgg gaccac 
26 

<210> 3 
<211> 23 
<212> DMA 

<213> Artificial Sequence 

till f SC * L ^ Q » of Artificial Sequence: PrW sequence GNT (d) 1 

gtngcngcng tngtngtnat ggc 
23 

<210> 4 
<211> 27 
<212> DNA 

<:213> Artificial Sequence 

tilll J^^^n of Artificial Sequence: Primer sequence GTN (d) 3 
ccyttrtang cngcnctgng gnacncc 

<210> 5 
<211> 25 
<212> DNA 

-<213> Artificial Sequence 

Sooi f es " iption of Artificial Sequence:. Primer sequence GTN (d) 2 
tayaaratnc agncaytaya artgg 

<210> 6 
<211> 23 
<212> DNA 

<213> Artificial Sequence 
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<400> £ 6scripfcion o£ Artificial Sequence: Primer sequence GTNld) 4 

arrtaytgyt traaraaytg ncc 
23 

<210> 7 
<211> 20 
<212> DNA 

<213> Artificial Sequence 

<«0> 7 eSCription of Artificial Sequence: Primer sequence 5RACEG3 
gtccgtgtcc aataaaggag 

<2io> a 

<211> 21 
<212^ DNA 

<213> Artificial Sequence 

Soto ^ SCri P tioft of Artificial Sequence: Primer sequence SRACEG4 
gtcgggagag atttccatgt c 

<210> 9 
<211> 20 
<212> DMA 

<2X3> Artificial Sequence 

<400> S* SCr±PtiOIV of Artificial Sequence: Primer sequence 5KACEG5 

ctaagatgac gacccttcgc 
20 

<210> 10 
<211> 22 
<212> DMA 

<213> Artificial Sequence 

SSJ ?S 5Cript:Lon of Artificial Sequencer Primer sequence 5 RACE 6 
catcctgaga aacaaaaagt gg 

<210> 11 
<2ir> 21 
*212> DMA 

<213> Artificial Sequence ' 

2o£ X 3Criprion of Artificial Sequence: Primer sequence 5RACE7 
agttacagac ttcaatgtac g 

<210> 12 
<211> 20 
<212> DNA 

<213> Artificial Sequence 

Hill ?f Cripti ° n ° f Artificial .Sequence: Primer sequence 5 RACES 

aatcaggacg gttgcaagcc 
20 

<210> 13 
<211> 20 
<212> DMA 

<213> Artificial Sequence 

<223> Description of Artificial Sequence: Printer sequence 3RACEG1 
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<400> 13 

ttatccgacc tgaaqtttcrc 
20 

<210> 14 
<211^ 20 
<212> DMA 

<213> i^rtificial Sequence 

Sooi ?4 S Cr±ption ° f Sequence: Primer sequence 3RACEG2 

gacctacaat tttggagagc 

<210> 15 
<211> 20 
<212> DMA 

<213> Artificial Sequence 

. <40oJ ?f Criptiori ° f Artificial Sequence: Primer sequence GNTSr 

tgggctttaa cacaaetttt 
20 

<210> 16 
<211> 19 
<212> DMA 

<213> Artificial Sequence 

iillt °| acri P tion ° f ^tificiai Sequence: Primer sequence GTN6R 

gccctaagct tgatccctg 
19 

<210> 17 
<211> 21 
<212> DMA 

<213> Artificial Sequence 

iltll g SCri P tion of Artificial Sequence: Primer sequence GNT21F 
atggcagata tggctcgatt g 

<210> 18 
<211> 22. 
<212> DMA 

<213> Artificial Sequence 

<«oJ ?| SCriE,tion of artificial Sequence: Primer sequence GNT15R 

agtttctatg gtatctaact gc 
22 

<210> 19 
<211> 21 
<212> DMA 

<213> Artificial Sequence 

filll ^ 5Cripti0n of Artificial Sequence: Primer sequence GMTHT7 
gagcatccaa gcttgacctg g 

<210> 20 
<211> 22 
<212> DNA 

<213> Artificial Sequence 

<«0> ^ SCription of Artificial Sequence: Primer sequence GNTET7 
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gcaccgtgaa ttcttctagc tt 
22 

<210> 21 . * ; 

<211> 23 
<212> DNA 

<213> Artificial Sequence 

<223> Description of" Artificial Sequence: Primer sequence GNTHT3 
<40Q> 2X 

ggaagaacaa gcttcaaagt ggc 
23 

<210> 22 
<21i:> 21 
<212^ DNA 

<213> Artificial Sequence 

<400> 22 SCriPti ° n . ° f Artificial Sequence: Primer sequence GNTPT3 

gatccctgca gatctcaaac g 
21 

<210> 23 
<211> 19 
<212> DNA 

<213> Artificial Sequence 

<400> ^ scription o£ Ar tificial Sequence: Primer sequence GNT7F 

gttcsatggt ttgagcagg 
19 

<210> 24 
<211> 19 
<212> DNA 

<213> Artificial Sequence 

t^lV* description of Artificial Sequence: Primer sequence GNT8R 
<4 00> 24 

gcgacctttc ctattctcc 
19 

<210> 25 
<211> 20 
<212> DNA 

<213> Artificial Sequence 

<400> 2j 3Cripti ° n ° f AxtLfLcLsiL Sequence: Primer sequence Nl 

taccgacagt ggtcccaaag 
20 

<210> 26 
<211> 20 
<212> DNA 

<213> Artificial Sequence 

<4Q0> 2g 3cription of Art ificial. Sequence: Primer sequence N2 

ccaccatgat attcggcaag 
20 

<21Q> 27 
<211* 20 
<212> DNA 

<213> Artificial Sequence 

<4oS 27 SCriptl ° n ° f Artificial Sequence: Primer sequence GNT5F 
tgggctttaa cacaactttt 
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20 

<210> 28 
<211> 19 
<212> DNA 

<213> Artificial Sequence 

2Si ?f Cription of ^tificial Sequence: Primer sequence N3 

tgtcgtgctc caccatatt 
19 

<210> 29 
<211> 18 
<212> DMA 

<>13> Artificial Sequence 

SoS §S SCti P tion of Artificial Sequence: Primer sequence M 

gttgagcata taagaaac 
IB 

<210> 30 
<211> 22 
<212> DNA 

<:213> Artificial Sequence 

tfoll §; S " iption of Artificial Sequence: Primer sequence GNTlQR 

cacattgttc aatttgatag ac 
22 

<210> 31 
<211> 21 
<212> DNA 

<213> Artificial Sequence 

SoS X S " iption of artificial Sequence: .Primer sequence FD4F 

tgggcngart aygayatgat g 
21 

<210> 32 
<211> 23 
<212> DNA 

<213> Artificial Sequence 

SoS g SCriPti ° n ° f ^ tLt1 ^ ^quence: Primer sequence FDR1 

tgngtnarnc cnadnggrta dat 
23 

<210> 33 
<211> 17 
<212>- DNA 

<213> Artificial Sequence 

illll S? Cr;Lption of Arrificial Sequence: Primer sequence PDSR 

tgnacngcng ccatrtc 
17 

<210> 34 
<2U> 18 
<212^ DNA 

<213> Artificial Sequence 

S3 to ST CriPti ° n °* ***»c±al Sequence: Primer sequence 5FT4 
gtaacattcg cataatgg 
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<210> 35 
<211> 19 
<212> DNA 

<213> Artificial Sequence 

2ooJ 3| SCription of **«icial Sequence: Primer sequence 5 FT 5 

cgatcattat gcgcaccac 
19 • 

<210> 36 
<211> 18 
<212> DNA 

<213> Artificial Sequence 

2oo> 3| SCri P tiofl of Artificial Sequence: Primer sequence 5FT6 

ggaaataaaa gcagctcc 
18 

<210> 37 
<211> 19 
<212> DMA 

<213> Artificial Sequence 

<40oi g SCription of Artificial Sequence: Primer sequence 5FT7 

agggtgaatc tccatagcc 
19 

<210> 38 
<211> .19 
<212> .DMA 

<213> Artificial Sequence 

2oS X SCription o£ Artificial Sequence: Primer sequence 5FT9 

catctgcctg accctcacc 
19 

<210> 39 
<211> 18 
<212> DMA 

<213> Artificial Sequence 

«00> °* 3Cription o£ Artificial Sequence: Primer sequence SFT9 . 

gccttgaaca cgcatggc 
18 

<210> 40 
<211> 18 
<212> DMA 

<213> Artificial Sequence 

illll j5 SCriptiori of ^tificial Sequence: Primer sequence 5FT10 

cgatacaacc agcacagq 
18 

<210> 41 
<211> 19 
<212> DMA 

<213> Artificial Sequence 

Soo> J? S " iption ° f Artificial Sequence: Primer sequence 5FTU 
cttctctagc cattctgcc 
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<210> 42 
<211> 20 
<212> DNA 
, <213> Artificial Sequence 
Soo> 5? CriE,tion of Artificial sequence: Primer sequence 3FT1 

gcagtggaag tttaatggtc 
20 

<:210> 43 
<211> 21 
<212> DNA 

<213> Artificial Sequence 

<"oi J| aCr1 ^ °* Artificial Sequence: Primer sequence 3FT2 

tcgtttctag ctctagtaga c 
21 

<210> 44 - • 

<211> 1Q 
<212* DMA 

<213> Artificial Sequence 

Holt J 4 eSCri P tlon of Artificial Sequence: Primer sequence FTA9F 

atgctcccag cccaagac 
1 8 

<21G>* 45 
<211> 21 
<212> DNA 

<213> Artificial Sequence 

So£ Jr cri ^ io » of Artificial Sequence: .rimer sequence FTA10R 
tgtctactag agctagaaac g 

<210> 46 
<211^ 20 
<212> UNA 

<213> Artificial Sequence 

<fo£ Jl 8 " 1 ^^ •* Artificial Sequence: P ri^ r sequence m „ 
tagggagtaa atatgaaggg 

<210> 47 
<211> 21 
<212> DMA 

<213> Artificial Sequence 

3£i 4 D f Ctiption of Artificial Sequence: Pr iiner sequence Fmi2R 
tacttccaat tgaagacaag g 

<210> 48 
<211> 18 
<212> DNA 

<213> Artificial Sequence 

S!£ yr^^ ° f ** tifi ^ ^quence: Primer sequence FT15P 

aatgttctgt gccatgcg 
18 



<210> 49 



X211> 19 
*212> DMA 

<213> Artificial Sequence 

«223> Description of Artificial Sequence: Primer sequence FT16R 
<400> 49 

tgcttcaaat gggctaggg 
19 

<210> 50 
<211> 28 
<212> DMA 

<213> Artificial Sequence 

<223> Description of Artificial Sequence: Primer sequence 

nptll/Ndel-F 

<400> 50 

atgccatatg gcatgcctgc aggtcaac 
28 

<210> 51 
<211> 29 
<212> DMA 

<213> Artificial Sequence 

<223> Description of Artificial Sequence: Primer sequence 
nptII/BstZ17I-R 

<400> 51 . * 

gcatgtatac gcatgcctgc aggtcactg 
29 

<21Q> 52 
<2ll> 19 
<212> DMA 

<213> Artificial Sequence 

<223> Description of Artificial Sequence: Primer sequence FT14F 

acaaagttac atactcgcg 
19 

*21Q> S3 
<211> 20 
<212> DNA 

<213> Artificial Sequence 

<400> g® 3cription of Artificial Sequence: Primer sequence RIO 

tctttcacta ttcggtgacg 

.20 

<210> 54 
<211> 19 
<212> DMA 

<213> Artificial Sequence 

<223> Description of Artificial Sequence: Primer sequence Rll 
<400> 54 

cgaccacaac attagatcc" 
19 

<210> S5 
<21l> 23 
, <212> DNA 
<213> Artificial Sequence 

<223> Description of Artificial Sequence: Primer sequence XDF1 
<U00> 55 

tgygargsnt ayttyggnaa ygg 
23 
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<21Q> 56 
<211> 23 
<212> DNA 

<213> Artificial Sequence 

<223> Description of Artificial Sequence: Primer sequence XD&l 
<400> 56 

gcncknayca tytcnccraa ytc 
23 

<210> 57 
<211> 23 
<212> DNA 

<223> Artificial sequence 

<223> Description of Artificial Sequence: Primer sequence XDF2 
<400> 57 

ggnggngara arytngarra ngt 
23 

<210> 58 

<211> 18 

<212> DNA 

<:213> Artificial Sequence 

<223> Description of Artificial Sequence: Primer sequence 5XT1 
<!400> 58 

tcctccttct ctgggacc 
18 

<210> 59 
<211> 21 
<212> DNA 

<213> Artificial Sequence 

<223> Description of Artificial Sequence: Primer sequence 5XT2 
<400:> 59 * 
agctccagtt gfcgaaatatg g 
21 

<210> 60 
<211> 18 
<212> DNA 

<213> Artificial Sequence 

<223> Description of Artificial Sequence: Primer sequence 5XT4 
<:400> 60 

cttccttcac cacactac 
18 

<210> 61 
<211> 18 
<212> DNA 

<213> Artificial Sequence* 

<223> Description of Artificial Sequence: Primer sequence 5XT5 
• <400> 61 
tagcatgact gtgtggcc 
18 

<210> 62 
<211> 18 
<212> DNA 

<213> Artificial Sequence 

<223> Description of Artificial Sequence: Primer sequence 5XT6 
<400> 62 

aaaggcttga gtgtagcc 
18 



<210> 63 
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<211> 19 
<212> DNA 

<213> Artificial Sequence 
<223> Description of Artificial 
<400> 49 

tgcttcaaat gggctaggg 
19 

<210> SO 
<211> 2B 
<212> DMA 

<213> Artificial Sequence 
<223> Description of Artificial 
nptll/Ndel-F 
<400> 50 

atgccatatg gcatgcctgc aggtcaac 
28 

<210> 51 
<211> 29 
<212> DNA 

<213> Artificial Sequence 
<223> Deacription of Artificial 
nptII/Bstzi7i-R 
<400> 51 

gcatgtatac gcatgcctgc aggtcactg 
29 

<210> 52 
<211> 19 
<212> DNA 

<213> Artificial Sequence 
<:223> Deacription of Artificial 
<400> 52 

acaaagttac atactcgcg. 
19 

<210> 53 
<211> 20 
<212> DMA 

<213> Artificial Sequence 
<223> Description of Artificial 
<400> 53 
tctttcacta ttcggtgacg 
20 

<210> 54 
<211> 19 
<212> DNA 

<T213> Artificial Sequence 
<223> Description of Artificial 
<400> 54 
cgaccacaac attagatcc 
19 

<210> 55 
<211> 23 
<212> DNA 

<213> Artificial Sequence 
<223> Deacription of Artificial 
<400> -55 
tgygargsr.t ayttyggnaa ygg 



Sequence: Primer sequence FT16R 



Sequence: Primer sequence 



Sequence: Primer sequence 



Sequence: Primer sequence FT14F 



Sequence: Primer sequence RIO 



Sequence: Primer sequence Rll 



Sequence: Primer sequence XDF1 
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<210> 56 
<211> 23 
<212> DNA 

<213> Artificial Sequence 

Holl S? Cripti ° n ° f Sequence: Primer sequence XDP.1 

gcncknayca. tytcnccraa ytc 
23. 

<210> 57 
<211> 23 
. <212> DNA 
<213> Artificial Sequence 

<"oJ St" Cr±Ption ° f ** tifi ^ Sequence: Primer sequence XDF2 

ggnggngara arytngarra ngt 
23 

<210> 58 
<211> 18 
<212> DMA 

<213> Artificial Sequence 

tiilt ?| SCriE>tion df Artificial Sequence: Primer sequence 5XT1 
tcctccttct ctgggacc 

<210> 59 
<21i:> 21 
<212> DMA 

<213> Artificial Sequence 

SoS ** SCri *> tion of Artificial sequence: Primer sequence SXT2 
agctccagtt gtgaaatatg g 

<210> 60 
<2li> 18 
<212> DNA 

<213> Artificial Sequence 

JJooS ^ 3Crl P tion of Artificial Sequence: Primer sequence 5XT4 

cttccttcac cacactac 
18 

<210> 61 
<211> 18 

<2i2> dma 

<213> Artificial Sequence 

Tali »f Cri P tion of Artificial Sequence: Primer sequence SXTS 

tagcatgact gtgtggcc 
18 

<210> 62 
<!211> 18- 
<212> DNA 

<213> Artificial Sequence 

5400> g £Cription artificial Sequence: Primer sequence SXT6 

aaaggcttga gtgtagcc 
18 

<210^ 63 
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<211> 19 
<212> DNA 

<213> Artificial Sequence 

<223> Description of Artificial Sequence: Primer sequence 3XT1 
<400> 63 * 

gcctttcttg cacgggtcg 
19 • 

<21Q± 64 
<211> 19 
<212> DNA 

<213> Artificial Sequence 

<223> Description of Artificial Sequence: Primer sequence 3XT2 
<400> 64 

ggacattcca aataatccc 
19 

<210> 65 
<211> 19 
<212> DMA 

<213> Artificial Sequence 

<223> Description of Artificial Sequence: Primer sequence XT15R 
<400> 65 

gtcctgttaa atgccttgc 
19 

<210> 66 
<211> 20 
<212> DNA 

<213> Artificial Sequence 

<223> Description of Artificial Sequence: Primer sequence ■ XT-MI F 

aggttgagea atcatatggc 
20 

<210> 67 
<211> 20 
<212> DNA 

<213:> Artificial Sequence 

<223!> Description of Artificial Sequence: Primer sequence XT11R 
<:400> €7 • 
atcccagaaa tatctgatcc 
20 

<210> 68 
<211> 18 
<212> DNA 

<213> Artificial Sequence 

<400> g| scription ot Artificial Sequence: Primer sequence XT12F 

tgtgaggcgt tctttggc 
18 

<210> 69 
<211> 29 
<212> DNA 

<213> Artificial Sequence 

<223> Description of Artificial Sequence: Primer sequence 

nptH/Sall-F 

<400> 69 

atgcgtcgac gtcaacatgg tggagcacg 
<210> 70 
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<211> 31 
<212> DMA 

<213> Artificial Sequence 

npS?/SdSS Pti ° n ° f ArtificiaI Sequence: Primer sequence 
<400> 70 

gcatcatatg tcactggatt ttggttttag g 

<210> 71 
<211> 20 
<212> DMA 

<213> Artificial Sequence 

2ooJ ^ SCription of A"ificial Sequence: Primer sequence XT13R 

acgatccaaa atctggacgc 
20 

<210> 72 
<211> 32 
<212> DNA 

<213>. Artificial Sequence 

<JoO> ?f Criptl ° n ° f A«i^clal Sequence: Primer sequence GalTXh-F 
ttctcgagac aatgaggctt cgggagccgc tc 

<210> 73 
<211> 30 
<212> DMA 

<2Y$> Artificial Sequence 

SSJ if Cription of ^ificial Sequencer Primer sequence GalTXb-R 
ggtctagact agctcggtgt cccgatgtcc 

<210> 74 
<211> 30 
<212> DNA 

<213:> Artificial Sequence 

<40oJ ^ SCription of artificial Sequence: Primer sequence XTB-F 
trggatcctc aattacgaag cacaccatgc 

<:210> 75 
<211> 32 
<212> DMA 

<213^ Artificial Sequence 
* Hilt ?f Cription of artificial Sequence Primer sequence XTB-R 

ttggatcctc ctcccagaaa catctgatcc ag 
32 

<210> 76 
<211> 28 
<212> DMA 

<2135> Artificial Sequence 

SooJ ?| SCi:iption of Artificial Sequence: Primer sequence MoB521 

ttgccgctat ctacfctgtat gctaacgt 
28 

<210> 77 
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<211> 25 
<212> DNA 

^213> Artificial Sequence 

<223> Description of Artificial Sequence: Primer sequence MoB575 
<400> 77 

tgccgtggat gtgctagata atctt 
25 

<210> 78 
<211> 33 
<212> DNA 

<213> Artificial Sequence 

<223'> Description of Artificial Sequence: Primer sequence FTB-F 
<400> 78 

taggatccag atgatgtctg ctcggcagaa tgg 



J <210> 79 
j <211> 33 
I <212> DNA 

J <213> Artificial Sequence 

i <:223> Description of Artificial Sequence: Primer sequence FTB-R 
<U00> 79 

ctggatcctt gtagatccga aggtctgagt tec 
33 

<210> 80 
<211> 26 
<212> DNA 
| <213> Artificial Sequence 

j <223> Description of Artificial Sequence: Primer sequence MoB435 
! <400> 80 

tcctacctgc ggagcaacag atatug 

26 

<210> 81 
<211> 27 
<212> DMA 

<213> Artificial Sequence 

<223> Description of Artificial Sequence: Primer sequence MoB495 
<400^ 81 

gtggacccag atttgctggt gcacttg 



<:210^ 82 
<211> IB 
<212> DNA 

<213> Artificial Sequence 

<223> Description of Artificial Sequence: Primer sequence XXI 4 P 
<400> 82 

ttacgaagca caccatgc 
18 

<210> 83 
<21V> 19 
<212± DNA 

<213> Artificial Sequence 

<223> Description of Artificial Sequence: Primer sequence 5XT3 
<400> 83 

ttcttcctca tttcgtccc 
19 



<210> 84 
<211> 35 
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<212> DNA 

<213> Artificial Sequence • ■ 

mil Sf Ctiption ° f Artificial Sequence: Primer sequence MoB558 

gttccgcggt gatcccgttt tcatatcagt • gtatt 
35 

<210> 85 
<211> 36 
<212> DNA 

<213> Artificial Sequence 

<40O? J| SCription of Artificial Sequence: Primer sequence MoB557 

tttgagctct acgtaacaat aacataaaat atcaca 
3 6 

<210> 86 
<211> 81S 
<212> DNA 

<213> Artificial Sequence 

5fS > £* 3cri P tion of Artificial Sequence:. PCR product 

^4\JU5* Bo 

j gttccgcggt gatcccgttt tcatatcagt gtattatcat cagtgactgc atattgacac 
| c caattctga- tgatttttta ttttttattt tttatttttt ttggtatggt taeatgcttt 
tcagaggttt ctatgccgct gagtattttc ctgaatcgcg aggtgtgaca ggttafcctgc 
gccgtccacc caatatttta tgatgagtcg atgattcgtg agactaatct agcttaacct 
ttttcttact ggcaagteaa aattgagttt aaaatatttc agtatcctgt tagtaatttc 
agacacatgt attctatgtc tcatactctt tacgtgaaag ttcaactgac ttatattttg 
«O tttttCt gtagatcact gttttagcgc atacaaagac aattgtctaa atatttttaa 
agaaggtgat attttattat aagatagaag tcaatatgtt tttttgttat gcacatgact 
tgaataaaat aaattttttt gttagattta aatacttttt gaattatagc tttgttgaaa 
ttaaggaatt tatattcata agaagctact cgaacaaatt tacaaagaga acatttgara 
agtaaaagta attaaaagtt ttttttaatt taaaaagatt aatttttatt aataagaaga 
acttggaaag ttagaaaaat atttaacttt aaaaattaag aaaacaaggc aaaactttaa 
tttacaaata cttaatgtag attaattttc ttattatata ttagcacaaa ttatcattat 

gtgatatttt atgttattgt tacgtagagc tcaaa 
815 

<T210> 87 
<211> 34 
<212> DNA 

<213> Artificial Sequence 

<400> 3® Scription at Artificial Sequence: Primer sequence MoB5SS 
cgcgttaact ctctctatct ctctctgtgt tgcg 

<210> 88 
<211> 32 
<212> DNA 

<213> Artificial Sequence 



020*d M: ajur m 2i:8t S0OZ/Ol/£O:M9z-jdug 
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{ <223> Description of Artificial Sequence: Primer sequence M0BSS6 
: <400> 88 

i cgagaattct cacttagaag aagcccaatc ct 

! 32 ■ • 

I <210> 89 . 
j <:211> 8B2 
I <212> DNA 

j <213> Artificial Sequence 

| <223> Description of Artificial Setjuence; PCR product 
: <400> 89 

: cgcgttaact ctctctafcct ctctctgtgt tgcgtttgat caggggtttt agggtttggg 
I 60 ; 
! tccagggttc cgaggagtat cgtcacgtgt attgcggtct ngttggagat tcctcagttg 
j 120 

1 tgcatgtaga tataaactta gtttagtcca cgatcggttt ctaatcgtgg atttttgtgg 
\ 180 

; gtttcggtcg ttgagcaaga attttgtgaa ttttttgtat tgggggaagg aaatggggtt 
: 240 

! atggcgatat cgttttcgtt gggttcaacg tgatcggtga gctccaggaa gggctggtca 

• 300 

j ctcacaatcc ggtattcgtc tcatcgagac gcatttatcg gttcattata tgtatatata 
j 360 

; tatatatata tatatgcaga gtcgattgtg ttgcaatttc tgaactaggt actgttgaat 
: 420 

tgtagattgc cttcaagtag ctctcgatgt tggaatgacg sacacaaatt ctgctactga 

* 480 

. atgagaccat attctgcacc gttaattggt tttatgaata* tatggtgtcg aattacattc 
j 540 

tgtctcgaat ccatgcgccc tttctgcacg aacgttggtt tgtagttgta gtgcagccag 
600 

tgtgtttggt ttaggattat gctttgacga tcgatgagtc cgtttcatgg ttttatactt 
660 

gtcatttatc ttcttgtgat tttttgttta caaatgttcc cccaatfcgta acgtgggact 
720 

ttcgtgtgtg gtggttgctc aaattgatag ttttggtcat ttgatttgcg gagagcaatc 
i 780 

! ggtgtcatgg aaaatccctt cgactgcttt gatccaatca aagttctgct tgagccaatg 
! 840 

tgagaggtgg aggattgggc ttcttctaag tgagaattct eg 
882 
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1.; A . transformed bryophyte eel! that comprises ±) a 

dysfunctional fucosyl transferase nucleotide Sem ^ . 
-i„^4»„^ . . nucleotide sequence and ii) a. 

dysfunctional xylosyl transferal nucleotide sequence. 

-■, / . T ^ ! |*-: * ; bryophyte cell according to claim ! f utcher 

^ifTS?-!?"^ oPerably linked to an exoaenou* 

^^.rT 1 '^'^ - the said bryophyte caTl 

h^mm^^^t,;^^. encodes a: functional, ia^iW 
^^alactosyl. transferase that is expressed in the bryophyte cell 1 



15 



25 



to V^^-^^"" 6 * 11 according to' any one of claimsx 
to 3 - wherein the . xnamraalian. galactosyl transferase that is 
expressed is a human beta-1, 4 galT. ' 

f * A , t i? an s. formed bryophyte cell j*« a. 

- 7." Y 1 according to any one., of claims-. 1 

to 4 „wherein : the said cell tnv+u^ . V 

" ~ " = • • ■ • futther comprises a nucleotide 

sequence operably,, i inked to exogenoUs promoter th at drives ^ 

expression- in the said bryophyte cell wherein said nucleotide 
sequence -encodes a mammalian glycosylated polypeptide that is 
expressed in the bryophyte cell. " 
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o Vclaim 5 wherih : ; t he^:tey^h^i® 

• ; t^'-: Ce ***°<*°»' "archantia and S^eroa^^ - ? 

A bryophyte cell according to claim 6 wherein the bryophyte 
-.ell is selected.from P/iyscomitrella. yophyte. 
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8. A bryophyte cell according to claim 7 wherein, the bryophyte 
.cell is from Physcomitrella patens-- 

9. A bryophyte cell according to claim 8 wherein the mammalian 
glycosylated polypeptide is selected from the group comprising. a 
polypeptide having a primary amino acid sequence of a human, 
glycosylated polypeptide, a primary amino ' acid sequence of a 
non-hukon^ mammalian glycosylated protein, a . primary amino acid. 

'"seqii e nce';of-'an_ ant^bdy^orlh: artit4 fragment thereof, and /or a 

JSsFJt 2?*55i^3^ glycosylate* 

polypeptide- j 7* - -.v. '^^^r^.^^';-^--'-^ ' ■ ' ; " - ' "•' 

10- A bryophyte cell according to any one of claims 1 to 9- ' 
wherein the mammalian glycosylated polypeptide is a human 
polypeptide. 

11^ r A bryophyte cell according to claim" T or claim 10 wherein" ! 
the mammalian glycosylated polypeptide is selected from the \ 
group' consisting of human insulin, preproinsulin, vegf, . ?; 
proinsulin, glucagon, interferons such . as alpha-inter feron,.! 
betarinterferon, gammar interferon, blood-clotting factors^ 
selected from Factor V^.yi^i; x^' xi, : "and XXX, fertility"" 
hormones including luteinis^ stimulating^ 
hormone . growth factors including epidermal growth factor, 
platelet-derived growth ■ factor/ granulocyte colony stimulating' 
prolactin, oxytocin, thyroid stimulating hormone, adrenocortico.- • 

somatostatin,/ . - 
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12. -A method of proddcing 'at least abryophyte cell wherein fucT 
and; X yl T activity is - substantially reduced that comprises 
introducing into the said cell i) a first nucleic acid sequence 
that is specifically, targeted to an endogenous fucosyl 
transferase nucleotide sequence and ii) introducing into the 
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t " SeC ° nd nUClel<= a ° ld S6qUenCe th3t " ^«c*ll y 
ItZlZt. " end °™ Xyl ° Syl nucleotide 

W. . A method according to claim 12 further comprising 
r»troduc ln g into the said cell an isolated nucleic a cid ^J 
that comprises nucleic acid operably liIlked to „ 
Promoter that drives egression in a hryophyte eel! wherein said 
nucleic - acid encodes V Va functional kalian .galactosyl 



. • . ydxa 

•iw^5? r * aa * P°lypeptide - . ... / - : ± 

14. A method ^n^ts^AA^^r ;._ 



14 A Method according to claim 12 or claim 13 uherela ^ 
galactosyl, transferase nucleotide sequence, is a heta-1 4 
galactosyl transferase (heta-1, 4 galT) nucleotide sequence. • ' 

I A method according th ■ claim ,14 wherein the galactosyl 
pansferase-nucleotide sequence is . * human ; heta-1, 4 galactosyl 
transferase , (beta-1, 4 gall) nucieotide sequence . 



IL , aCC ° rCliDa ^ ^ OM of - clai - " ^ 15 wherein the 

-."T^*™* h ^* k ^ cell, further comprises a nucleotide 
sequence operabiy linked to an exogenous promoter that drives 
agression, in. the said bryopnyte ceii^erein said .nucleotide 
sequence encodes " a mammal lan glycosylated' polypeptide that i s 
expressed in the . bryophyte cell, 

SSSfeSf"? t0 My ° ns of « to 16 wherein the 

Wi^^^>-^» e ?^W-^*i^ the group 
Wmmm^ 1 *^^ * .^l^ '-io' seqnence of a ^ 
gSgSSg^H ^^^o^seq^ce ,of a non _ human 
^ran^otein, a -primary amino acid sequent of an antihody 

g^TO-ft—-* a.' primary amino acid 

sequence of: a non-mammalian protein. ■ 
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}8. A method according to any one of claims . 12 to 17 wherein the 
Aycosylated polypeptide is selected from the group - consisting 
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of human insulin], preproinsulin, proinsulin, glucagon, 
interferons such as alpha-interf eron, beta-interferon, gammal 
interferon, blood-clotting factors selected from Factor VII, 
VIII, ix, X, XI, and XII, fertility hormones including 
luteinising hormone, follicle stimulating hormone growth factors 
including epidermal' growth factor, platelet-derived growth 
factor, granulocyte colony stimulating, prolactin, oxytocin, 
thyroid stimulating hormone, adrenocorticotropic hormone, 
calcitonin, parathyroid hormone, somatostatin, erythropoietin 
(EPO), and enzymes such as beta-glucocerebrosidase, haemoglobin, 
serum albumin, collagen, and human' and non-human proteins 
selected from amidases, amylases, carbohydrases, cellulase, 
dextranase, • ■ esterases, glucanases, glucoamylase, lactase, 
lipases, pepsin, peptidases, phytases, proteases, pectinases, 
casein, whey proteins, soya proteins, gluten and egg albumin. 

19. A method according to any one of claims 12 to 18 wherein the 
bryophyte cell is selected from species of the genera 
Physcomltrella, Funaria, Sphagnum, Ceratodon, Marchantia and 
Sphaerocaxpos. 

20. A method according to claim 19 wherein the bryophyte cell . 
is selected from Physcomitrella . 

21. A method according to claim 20 wherein the bryophyte cell is 
from Physcomitrella patens. 

22. A method according to any one of claims 12 to 21 wherein the 
mammalian glycosylated polypeptide is selected from the group 
comprising a polypeptide having a primary amino acid sequence of 
a human glycosylated polypeptide, a primary amino acid sequence 
of a non-human mammalian glycosylated protein, a primary amino 
acid sequence of an antibody or an active fragment thereof, 
md/or a primary amino acid sequence of a non-mammalian 
glycosylated polypeptide. 
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23. A method according to any one of claim, 19 to 22 where±n 
mammalian glycosylated polypeptide is a human polypeptide. " ' 

24. A method according to any one of claims 19 to 23 wherein the 
mammalian .glycosylated polypeptide is • selected from ' the group 
consisting of human insulin, preproinsulin, VEGF, proinsulin 
glucagon, . interferons such as alpha-inter feron, beta-interferon 
gamma-interferon, blood- clotting factors selected from Factor 
vii, viii, i X/ x , XI , ^ m§ fertu . ty h0£mones includ . ng 
luteznising hormone, .follicle stimulating hormone ' growth factors 
including epidermal growth factor, platelet-derived growth • 
factor, granulocyte colony . stimulating, prolactin; oxytocin, 
thyroid stimulating hormone, adrenocorticotropic hormone, 
calcxtonxn, parathyroid hormone, somatostatin, erythropoietin 
(BPO) , and enzymes such as beta-glucocerebrosidase, haemoglobin 
serum albumin, and collagen. 

25. A method according to any one of claims 12 to 24 wherein the 
exogenous promoter is selected from ±nducible / 
regulated, constitutive or cell specific promoters. 

26. An isolated polynucleotide that encodes a functional 
mammalian glycosyl transferase for use in a method according to 
any one of claims 12 to 25. 

27. to isolated polynucleotide according to claim 26 that 
encodes a recombinant mammalian' galactosyl transferase for use ' 
in a method according to any one of claims 12 to 26. 

28. an. isolated polynucleotide according to claim 26 that 
-codes a recombinant human beta-1.4 galactosyl transferase for 
isein a method according to any one of claims 12 to 27. 

M. A nucleic acid uector suitable for transformation of a 
Oryophyte cell and including a polynucleotide according to any 
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one of claims 26 to 28. 

30. a host cell containing a heterologbus polynucleotide or 
nucleic acid vector according to any one of claims 26 to 29. 

31. A host cell according to claim 30 which is a bryophyte cell. 

.32. A host cell according to claim 29 which is a prokaryote 
cell. 



33. A method of producing a host cell according to any of claims 
30 to 32, the method including incorporating said polynucleotide 
or nucleic acid vector into the cell by means of transformation. 

34. Use of a polynucleotide according to any one of claims 26 to 
28 in the production of a transgenic bryophyte cell . 

35. A host cell according to claim 30 or. 31 which is comprised '." 
in a bryophyte, or a bryophyte part, or an extract or derivative ' 
of a bryophyte or in a bryophyte cell culture. 

36. " A! bryophyte plant or bryophyte tissue comprising a bryophyte 
cell according to any. one of claims 30, 31, or 35 . 

37. a method of producing a bryophyte plant, the method 
including incorporating a polynucleotide or nucleic acid vector 
according to any of claims 26 to 29 into a bryophyte cell and 
regenerating a bryophyte from said cell. 
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Abstract: 



Bryophyte plants and bryophyte plant cells comprising 
dysfunctional fucT and xylx genes and an introduced glycosyi 
transferase gene, methods for the production of glycosylated 
proteins therewith, vectors and uses thereof. 
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